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The  Soviet  Hydrometeorological  Service  has  experienced  two 
major  reorganizations  since  its  establishment  In  1921.  Hence, 
the  history  of  the  Service  and  Its  organizational  structure  can 
be  divided  conveniently  Into  three  periods  marked  by  the  reor¬ 
ganization  dates  of  1929  and  1936. 

From  1921  to  1929, under  the  direction  of  the  Main  Qeophyslcal 
Observatory,  the  various  meteorological  and  hydrological  networks 
expanded  so  rapidly  that  the  Observatory  with  Its  limited  staff  and 
resources  could  no  longer  properly  direct,  coordinate,  and  plan  the 
present  and  future  operations  of  the  Service. 

Under  the  direction  of  the  Unified  Hydrometeorological  Service 
(Yedlnaya  gldrometeorologicheskaya  sluzhba),  established  In  1929,  the 
various  networks  were  coordinated  and  consolidated  and  were  placed 
under  the  Immediate  supervision  of  subordinate  administrations  of  the 
Hydrometeorological  Service.  The  Main  Geophysical  Observatory  resumed 
Its  scientific,  methodological,  and  research  work,  and  the  aerologlcal 
program  developed  with  an  Increasing  number  of  radiosondes  and  pilot- 
ballon  observation  points . 

The  last  major  reorganization  In  November  1936  was  necessitated 
by  the  continued  expansion  of  the  observation  networks  and  the  in¬ 
creasing  degree  of  specialization  In  meteorology,  aerology,  hydrolo^, 
oceanography,  marine  meteorology, and  agrometeorology.  Moet  of  the 
central  and  regloual  scientific  research  institutes  now  j  existence 
were  established  after  1936.  In  the  postwar  period,  the  work  has 
expanded  greatly,  especially  In  the  Asiatic  USSR  and  other  previously 
poorly  covered  areas . 

The  Fortieth  Anniversary  of  the  Hydrometeorological  Service  in 
the  USSR  was  marked  by  a  National  Meteorological  Conference  in  Len¬ 
ingrad,  21  to  29  July  1961,  in  which  more  than  1400  persons  partic¬ 
ipated.  The  full  texts  of  the  450  reports  presented  at  the  confer¬ 
ence  are  scheduled  for  publication  in  a  collected  set.  [As  of  1  May 
1962,  none  of  the  set  was  available  at  the  Library  of  Congress.] 

In  the  advance  notices  of  the  collection  there  are  general  remarks 
on  reports  by  the  following  specialists:  l)  I.M.  Dolgln,  D.L. 
Laykhtman,  N.P,  Rusin,  and  A.D.  Treshnlkov  reported  on  Investigations 
in  the  Arctic  and  Antarctic.  2)  E.K,  Fedorov's  report  dealt  with 
prcgpesB  made  in  the  modification  of  cloud  formation,  fog,  and  precipi¬ 
tation.  3)  Reports  by  B.A,  Mj|.rtov  and  P.Q.  Khvostlkov  centered  on 
investigations  of  properties  of  the  atmosphere  at  great  heights 
through  the  use  of  rockets  and  artificial  earth  satellites.  4)  V.A. 
Bugayev  made  a  survey  of  the  present  status  and  prospects  of  develop¬ 
ing  the  synoptic  method  of  weather  forecasting.  He  rioted  that  progress 
in  nun^rlcal  methods  of  forecasting  meteorological  fields  has  de- 
emphaslzed  investigations  of  such  signlflca^it  processes  as  the  genesis 
and  evolution  of  frontal  discontinuities  and  cyclogenesis. 
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5)  M.I.  Budyko  reported  on  work  of  climatological  Interpreta¬ 
tion  of  data  on  the  heat  balance  of  the  underlying  surface  and  of 
the  atmosphere.  Of  considerable  intei'est  is  the  section  of  his  re¬ 
port  dealing  with  physic ogeographlcal  zoning.  By  using  the  heat- 
balance  method,  Budyko  showed  that  the  decrease  in  temperature  pole- 
ward  from  the  equator  Is  not  only  the  result  of  smaller  angles  of 
Incidence  of  the  sun's  rays,  but  also  of  the  Ice  cover  In  the  Arctic 
and  Antarctic. 

-6)  A.M,  Obukhov  reported  on  results  and  prospects  of  investi¬ 
gations  of  atmospheric  turbulence.  Recent  major  accomplishments 
in  this  field  are  attributed  to  the  development  of  highly  sensitive 
and  improved  apparatus  for  "pulsation*  (mlcro-oscillatlon)  measure¬ 
ments  and  tiic  f ormulatioii  of  a  theory  encompassing  the  iaw«  govern¬ 
ing  atmospheric  turbulence  close  to  the  earth's  surface. 

7)  Khi.P.  Pogosyan  discussed  questions  of  the  general  circula¬ 
tion  of  the  atmosphere.  Pogosyan  exhibited  the  maps  which  he  had 
compiled  showing  the  mean  distribution  of  the  heights  of  a  number 
of  Isobarlc  surfaces  for  the  stratosphere  in  both  hemispheres. 

8)  F.P,  Davltaya's  report  dealt  with  a  study  of  agrocllmatic 
resources  of  the  USSR.  A  survey  of  agrocllmatic  investigations  of 
the  past  forty  years  emphasized  that  despite  progressive  advances 
In  agricultural  techniques,  the  role  of  meteorology  is  still  Im¬ 
portant  . 
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SUBJECT ; 


AID  Work  Assignment  No.  32  (National  Weather  Service,  USSR), 
Report  1.  Paragraph  a 

SOURCES?  See  list  of  references  below. 


"THE  RELATIONSHIP  OP  THE  AGENCY  PROVIDING  NATIONAL  WEATHER 
SERVICE  TO  THE  AGENCIES  PROVIDING  WEATHER  SERVICE  TO 

THE  SOVIET  ARMED  PORCES" 


Since  the  first  governmental  decree  ordering  the  establish¬ 
ment  of  a  national  ^oa^her  service  in  the  USSR  in  1921  and  subsequent 
decrees  ordering  its  first  and  second  reorgariizations  in  1929 
1936,  the  central  administrative  organ  of  the  National  Weather  Service, 
now  the  Main  Administration  cf  the  Hydrometeorological  Service  (GUGNS) 
has  had  the  responsibility  of  serving  both  the  national  economy  and 
the  national  defense  in  the  fields  of  meteorology,  climatology, 
aerology,  agroraeteorology,  hydrology,  and  marine  hydrometeorology  [1]. 
According  to  A.  A.  Zolotukhin  [2],  the  present  Chief  of  GUGMS, 
the  decree  cf  14  November  1936  "defined  the  great  national  Impor¬ 
tance  of  the  Hydrometeorclcglcal  Service,  its  responsibility  for 
the  proper  study  of  hydrometeorological  conditions  In  the  USSR,  and 
Its  service  to  the  national  economy  and  the  national  defense." 

Relations  between  GUGMS  and  military  agencies  providing 
weather  services  to  the  Soviet  Armed  Forces  have  varied  greatly 
from  wartime  to  peacetime  and  from  one  military  agency  to  another. 

In  World  War  II,  GUGMS  and  Its  organs  functioned  as  a  military 
organization  with  subordinate  administrations  serving  the  various 
military  fronts,  military  districts,  and  navy  fleets  [3]. 

The  derallltarlzatlcn  cf  the  internal  organizational 
structure  of  OUCWS,  which  tock  pxace  in  the  early  postwar  period 
(19^6-19^8),  with  the  rapid  restcration  of  stations,  facilities, 
and  communications  destroyed  during  ihe  war,  must  not  be  Interpreted 
as  a  severance  of  the  military  weather  services  from  the  now 
restored  national  civilian  service.  With  demilitarization,  each 
military  agency  reaponsiole  fcr  providing  weather  service  or  main¬ 
taining  weather  stations  and  peats  to  serve  its  own  particular 
requirements  resumed  its  identity  within  the  Armed  Forces  [4;  5]. 

It  must  be  emphasized  that  there*  is  no  single,  self-sufficient 
large-scale  or  general  weather  service  in  any  military  agency^ 

For  this  reason,  all  military  agencies  must  depend  on  GUCRfS  and  its 
organs  for  dense-network  observational  data,  forecasts,  storm 
waumings,  and  advisories.  These  services  are  readily  obtainable 
on  a  routine  basis  from  regularly  scheduled  radio  broadcasts  or 
teletype  sequences  or  on  a  special  basis  through  other  meiins  of 
communication,  such  as  telegraph  and  telephone. 


In  peacetime,  OUOMS  and  Its  organs  serve  prliaarlly  the 
national  economy,  although  any  operative  organ  of  the  Service  ^  / 

(hydrometeorological  amd  weather  bureaus,  observatories,  aors- 
iMUitlrcral  weather  stations,  and  certain  first-order  stations) 
will  upon  request  from  a  military  agency  provide  special  or  detail¬ 
ed  observations,  forecasts,  and  hazardous -we at her  warnings,  etc.  , 
with  sufficient  advance  notice  to  ari*ange  for  the  collection  and 
transmission  of  timely  reports,  forecasts,  and  other  services 
required  for  planning  and  executing  (or  postponing,  modifying  or 
canceling)  a  particular  military  mission  on  a  specific  date  [6]. 

The  .close  connection  between  the  civil  and  military 
weather  services  during  the  pre -World  War  II  period  is  shown  In 
the  1936  organizational  chart  of  the  Meteorological  Service 
(Pig,  1)  [tTo  Althoi^gh  the  latest  (i960)  organizational  chart 
of  the  Service  (Pig.  2,  explained  In  Paragraph  c)  indicates  only 
one  direct  link  between  uue  vivli  and  military  weather  services  — 
through  the  Main  Aviation  Weather  Center  In  Moscow  [indicated 
by  the  latter  N  on  the  i960  chart]  —  recent  literature  [e.g.,  10] 
attests  to  the  continued  dependence  of  the  military  agencies  on 
0U(MS  for  general,  special,  and  supplemental  services.  However, 
the  relationships  between  OUCMS  and  the  military  agencies  vary 
from  service  to  service. 

The  Main  Aviation  Weather  Center  maintains  liaison 
with  the  Main  Aviation  Weather  Station  (also  in  Moscow),  the 
central  organ  of  the  Military  Air  Force  Weacner  Service  111], 

This  is  apparently  a  logical  interrelationship  In  view  of  the 
highly  organized  weather  service  provided  by  the  Air  Force  and 
the  current  emphasis  on  modernization  of  aeronautical  weather 
services  In  both  civilian  and  military  agencies  [12], 

Modernization  is  imperative  If  the  requirements  of  high¬ 
speed  and  hlgh-altltude  Jet  aircraft  are  to  be  served  with 
efficiency.  The  program  must  include  the  latest  in  observational 
techniques  instruments,  automatic -recording  broadcasting  and 
telemetering  installations  such  as; radar  [13],  automatic  radio 
weather  stations  In  remote  and  Inaccessible  areas  [14],  and 
automatic  or  telemetering  recorders  of  visibility  and  cloud- 
base  heights  [15] • 

The  modernization  cf  the  civil  weather  service  Is  being 
accomplished  largely  through  the  collaboration  of  OUQMS  and  the 
Main  Administration  of  the  Clvl]  Air  Fleet  (OUaP)  [16],  The  Civil 
Air  Fleet,  which  according  to  Director  Ye.  Loginov  [if]  can  readily 
be  adapted  to  military  requirements  on  short  notice,  must  l^ep  in 
mind  the  mllltajry  specifications  of  its  aircraft  and  facilities  in 
any  Individual  or  Joint  efforts  to  modernize  weather  service.  In 
recent  years,  scientific  research  institutes  of  both  QH(MS  and  QHCF 
have  been  collaborating  in  studies  of  aircraft  icing,  turbulence. 

Jet  streams,  and  other  problems  associated  with  flight  In  the  upper 
troposphere  and  lower  stratosphere  and  of  the  modification  of  local 
or  regional  weather  factors  affecting  the  safety  and  dependability 
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of  flights  [l8].  auaMS  and  aUQP  are  also  collaborating  In 
modernizing  conununlcatlons  and  traffic  control  systems  through 
1)  the  Installation  of  radar  observation  posts  at  points  along 
air  routes  [191#  2)  the  placement  of  synoptic  meteorologists  and 
facsimile  map  facilities  at  traffic  control^ jcentJers,  and  3)  the 
Installation  of  map»copylng  machines  at  weather 

stations. 


Of  the  other  military  agencies  maintaining  special 
weather  services,  the  Artillery  Command  with  Its  own  Artillery 
Meteorological  Service  depends  on  QUOMS  for  forecasts,  advisories, 
and  other  detailed  Information  which  may  have  an  effect  on 
movement  on  and  off  roads  and  on  artillery  operations  at  specified 
times  and  places.  The  Artillery  Meteorological  Service  maintains 
three  different  programs  of  special  meteorological  observations  for 
^it|i  ground  artillery,  antiaircraft  artillery,  eind  acouatloal  - 
^  r*eAc>n!^i«8ance  opCiatlons  [20].  The  organization  and  work  of  these 
programs  will  be  described  somewhat  more  fully  below. 

The  Chemical  Warfare  Service,  which  also  provides  Its  own 
special  services,  similarly  depends  on  OUOMS  for  general  weather 
service  [21;  22].  A  sketch  of  this  organization  and  its  work  will 
be  given  below. 

Other  military  agencies  requiring  hydrometeorological 
sei*vlces  are  transportation  units  and  Rear  and  Supply  (Quarter¬ 
master)  units.  No  information  is  available  on  the  weather  Infor¬ 
mation  channels  these  services  maintain  or  on  any  attempts  at 
modernization  of  observation  work  under  poor  visibility  conditions 
with  new  techniques  such  as  radar. 

OUQMS,  Its  scientific  research  Institutes,  and  major 
operative  field  organs  (cbservatorles,  bureaus,  and  certain  major 
stations)  publish  a  great  deal  of  valuable  data  and  specific 
information  from  their  investigations  and  studies.  These  Include 
monographs  and  articles  on  general  and  regional  themes  In  synoptic 
meteorology,  climatology,  mlcrometeorology,  marine  meteorolo®r, 
agrometeorology,  and  related  fields.  In  addition,  the  republic 
and  territorial  administrations  of  the  Service  publish  a  large 
amount  of  prlmairy  data  In  the  form  of  10-day,  monthly,  and  annual 
summaries  for  each  of  their  administrative  areas.  These  data  are 
readily  available  for  planning  military  operations  within  specified 
areas  at  various  times  of  the  year.  The  detailed  data  available 
on  snow-cover  distribution  In  the  USSR  (by  depth  and  dates  of 
occurrence)  published  by  the  State  Hydrological  Institute  (a  central 
scientific  research  Institute  of  GFU(H)|S)  Is  a  striking  example  of 
the  special  service  the  National  Weather  Service  provides  both 
to  the  national  economy  and  the  national  defense. 

It  Is  evident  then  that  QU(MS  has  been  organized  Internally 
In  such  ft  mainner  that  subordinate  administrative  and  field  organs 
are  given  sufficient  autonomy  to  provide  flexibility  of  service  in 
the  form  of  supplemental  detailed  reports,  forecasts,  and  other 
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services  between  standard  synoptic  hours  as  may  be  required  for 
both  civilian  and  defense  needs  without  unnecessary  and  tire-^- 
consi^Blng  channeling  of  such  services  through  higher  organs. 

At  the  same  time,  QUOINS,  through  centralized  direction  and  super¬ 
vision  of  its  higher  central  and  field  organic  maintains  absolute 
control  over  the  entire  system.  Furthermore,  the  Service  makes 
available  its  entire  resources  of  climatological  data  and  the 
results  of  its  investigations  and  studies  in  meteorology  and  in 
the  related  fields  indicated  above. 

It  should  be  mentioned  that  many  Service  personnel  who 
were  military  meteorologists  during  World  War  II  serve  actively 
in  the  All-Union  Voluntary  Society  for  the  Promotion  of  the  Army, 
Air  Porc^,  and  Navy  (DOSAAP),  This  group  maintains  strong  educa¬ 
tional,  training,  and  propaganda  programs  and  publishes  elementary 
and  intermediate  textbooks  on  military  themes.  [There  are  only 
a  few  such  meteorological  textbooks  available  in  U.S.  Libraries, 
e.g.,  sources  23-?5»T 
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SUBJECT;  AID  Work  Aaslgniu^nt  No,  32  (National  Waathar  Sarvlca,  USSR), 
Raport  1.  Paragraph  b 

SOiniCSS:  Saa  list  of  rafaranoes  below. 


STRUCTURE  OF  THE  AQENCIES  PROVIDINa  WEATHER  SERVICE 
TO  THE  SOVIET  ARMED  FORCES 


As  noted  in  Paragraph  a,  the  military  weather  service  agen¬ 
das  depend  on  the  national  civil  weather  service  [OUGMS]  for  both 
routine  and  supplemental  weather  services  in  peacetime.  This  Is  dis¬ 
cussed  more  fully  In  Paragraph  c,  below. 

Available  Information  Indicates  that  there  are  three  mili¬ 
tary  organizations  —  the  Air  Force,  the  Artillery  Command,  and  the 
Chratieal  Warfare  Service  —  which  maintain  weather  posts  and  stations 
and  conduct  their  own  weather  observation  programs  I 4,  p.  8].  Of 
these,  only  the  Air  Force  Issues  Its  own  weather  forecasts  and  warn¬ 
ings,  and  even  these  rely  heavily  on  the  services  of  OUOMS  and  its 
field  tmlts. 

Although  little  detailed  Information  Is  available,  a  rough 
notion  of  the  organizational  structure  of  the  three  military  weather 
agencies  can  be  formed  from  a  study  of  the  routine  missions  of  their 
subordinate  units  and  the  responsibilities  of  their  higher  echelons 
and  ooivnanders . 


I.  THE  AIR  FORCE  WEATHER  SERVICE 
History  of  the  Air  Force  Weather  Service 

Prerevolutionary  aviation  weather  service  began  In  1910, 
with  the  establishment  of  weather  stations  to  service  the  first  flight 
schools  In  Russia,  The  Increased  importance  of  aviation  in  World  War  I 
led  to  the  creation  of  the  Main  Military  Meteorological  Administration 
and  the  organization  of  army  staff  sections  for  weather.  Military 
weather  stations  wore  established  In  the  aviation  branch  to  provide 
direct  weather  service  for  mllltair  aviation. 

From  1916  to  1921,  the  responsibility  for  aviation  weather 
service  devolved  on  aeronavigation  stations  making  atmospheric  obser¬ 
vations  and  compiling  aviation  forecasts.  After  May  1921,  problems 
In  relaying  data  and  reports  were  solved  by  wiring  meteorological 
flight  Infoimiatlon  to  the  Commissariat  of  the  Postal  and  Telegraph 
Services , 


The  first  nationwide  meteorological  service  in  the  RSFSR  . 

was  created  by  the  decree  of  21  June  1921,  The  subsequent  development  * 
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of  th«  Air  Force  Weather  Service  closely  parallels  that  of  the  civil 
weather  service  [QUQMS]  described  In  Paragraph  c.  In  1923#  the  Cen¬ 
tral  Aeronavigation  Station  was  established  at  the  Moscow  Ebq?erlmen- 
tal  Airport.  This  center  provided  meteorological  flight  information 
and  calibrated  aeronavigation  instruments  until  the  Air  Force *b  Main 
Aviation  Weather  Station  was  established  at  Moscow  in  1926.  The 
latter  is  still  the  central  establishment  of  the  Air  Force  Weather 
Service.  [ll«  p.  8] 

The  1930*8  saw  the  development  and  expansion  of  the  aero- 
loglcal  networfc  of  radiosonde  and  pilot-balloon  stations  and  the  in¬ 
troduction  of  the  Molchanov  radiosonde.  Progress  in  aviation  weather 
service  was  so  rapid  that  in  19^0  the  national  civil  weather  service 
[aUd^S]  established  a  special  scientific  research  institute,  the  Cen¬ 
tral  Aerologlcal  Observatory  in  Moscow,  to  Investigate  problems  of 
weather  forecasting  in  general  and  aviation  in  particular.  The  work 
of  this  Institute,  as  well  as  the  further  development  of  aviation 
weather  services  since  World  War  II,  is  discussed  In  Paragraph  o* 


The  Weather  Service  at  the  Headquarters  Level 

The  Air  Force  Weather  Service  can  be  identified  indirectly 
on  the  latest  available  organization  chart  of  the  Air  Force  Main 
Staff  (see  Pig.  3)*  The  meteorological  section  is  one  of  those  which, 
by  virtue  of  their  duties,  are  more  autonomous  in  relation  to  the 
General  Staff,  although  of  course  some  liaison  la  necessary.  [26, 

p.  m] 


Weather  Service  for  Flight  Operations 

The  functions  of  the  Air  Force  Weather  Service  at  military 
airports  parallel  those  of  the  civil  weather  service  at  Civil  Air 
Fleet  airports.  Specifically,  It  provides  l)  information  on  current 
weather  conditions,  2)  forecasts  and  liazardous  weather  warnings,  and 
3)  climatological  data  and  information.  The  Air  Force  Weather  Serv¬ 
ice  utilizes  not  only  the  data  provided  by  Its  own  personnel,  but 
also  Information  gathered  by  the  entire  national  network  of  QUQMS 
stations. 


The  regular  use  of  data  from  OUGMS  sources  assures  con¬ 
tinued  close  contact  between  the  two  organizations.  Similarly, 
meteorological  observations  made  by  every  aviation  agency  In  the 
USSR  are  coordinated,  systematized,  and  disseminated  by  QUQMS  to 
all  other  aviation  agencies.  The  operations  of  Air  Force  Weather 
Service  units  are  systematized  in  instruction  manuals  issued  by  the 
Air  Force  Weather  Service. 
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3.  Organization  chart  of  Headquarters,  Air 
Force  USSR  [26,  p.  1773 


Pref light  weather  briefings.  Air  Force  flight  plans  require  more 
comprehensive  pref light  study  than  Civil  Air  Fleet  flight  plana, 
since  the  officer  Issuing  the  flight  clearance  must  be  sure  that 
personnel  and  aircraft  can  cope  with  any  exigencies  due  to  weather 
changes  not  predicted  In  routine  or  special  forecasts.  Operational 
flight  plan  modifications  are  made  to  minimize  adverse  weather  ef¬ 
fects,  Examples  might  be  changing  from  visual  to  Instixiraent  flying 
or  changes  made  to  exploit  changed  weather  conditions. 

To  provide  sufficiently  detailed  weather  data  for  pre¬ 
flight  analysis.  Air  Force  Weather  Service  meteorologists  are  re¬ 
quired  to  a)  compile  a  sufficient  number  of  synoptic  and  upper- 
level  maps;  h)  obtain  weather  data  for  the  proposed  route  in  case 
it  is  not  available  from  routine  transmissions j  c)  obtain  supple¬ 
mental  aerological  data  (winds  ^d  temperatures  aloft,  heights  of 
cloud  bases  and  tops,  thickness  of  clouds,  etc,);  d)  analyze  all 
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current  weather  data,  compile  forecasts  for  the  plane  commander,  and 
analyze  preliminary  data  Just  before  the  flight;  e)  brief  the  plane 
commander  and  crew  before  take-off,  keep  th%  Pi  lots*  Weather  Bulletin 
updated,  and  Interrogate  flying  personnel  concerning  weather  con¬ 
ditions  actually  encoxmtered;  and  f)  maintain  continuous  observations, 
check  the  special  forecasts,  and  issue  warnings  on  all  weather  changes 
not  covered  by  forecasts  and  hazardous  condition  warnings. 


Aerial  weather  reconnaissance.  Another  activity  of  the  Air  Force 
Weather  Service  Is  aerial  weather  reconnaissance.  This  may  be  con¬ 
ducted  on  command  or  as  desired  by  the  meteorologist  and  serves  the 
purposes  of  1)  collecting  additional  data  from  areas  for  which  exist¬ 
ing  data  are  Inadequate;  2)  collecting  additional  data  on  front  con¬ 
ditions  or  synoptic  conditions  for  which  surface-station  data  are  not 
sufficiently  detailed;  and  3)  obtaining  data  for  altitudes  where  the 
collection  of  c?a.ta  by  other  means  is  difficult  or  impossible. 

Reconnaissance  is  conducted  below  cloud  level  in  order  to 
appraise  meteorological  conditions  more  accurately;  above  cloud  level, 
to  obtain  data  on  the  altitude  of  cloud  tops  and  appraise  flight  con¬ 
ditions;  and  within  clouds,  to  determine  flight  conditions,  icing  con¬ 
ditions,  cloud  mass,  and  degree  of  stratification.  Aerial  reconnais¬ 
sance  utilizes  either  specially  equipped  "flying  weather  labs"  or 
ordinary  combat  and  transport  aircraft.  Meteorologists  occasionally 
accompany  the  reconnaissance  plane  to  collect  instrumental  data  in 
addition  to  the  visual  observations  made  by  the  air  crew. 

The  reconnaissance  is  regarded  as  complete  only  if  flight 
conditions  can  be  ascertained  at  the  three  levels  mentioned  above. 
Therefore  the  reconnaissances  are  usually  made  by  a  single  aircraft 
maneuvering  vertically  or  by  several  aircraft  at  different  altitudes. 


Weather  service  to  in-flight  aircraft.  Weather  information  is  voice 
transmitted  by  radio  between  ground  and  aircraft.  Just  as  in  the 
Civil  Air  Fleet,  The  navigator  may  request  special  observations  and 
other  information  at  any  time  from  the  nearest  weather  station;  in 
his  turn  he  keeps  the  weather  stations  posted  on  any  significant 
weather  changes  which  he  observes  (see  Pig.  4.).  [6,  p.  54] 


Main  Weather  Center 


The  Main  Aviation  Weather  Center  in  Moscow  (at  Vnukovo 
Airport)  is  the  central  coordinating  agency  linking  QUGMS  and  the 
aviation  weather  services  of  other  government  departments,  A  brief 
discussion  of  its  work  and  its  relationship  to  OUQMS  is  given  in 
Paragraph  c.  It  is  represented  on  the  I960  QUQMS  organization  chart 
by  the  letter  "N",  (See  Pig.  2.). 
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Pig.  4.  Diagram  of  weather  data  collection  and 
transmission  at  weather  stations  [6,  p.  56] 

1  -  weather  reconnaissance  aircraft;  2  -  aircraft 
in  flight;  3j  3#  3  -  aviation  weather  stations; 

4  -  central  forecasting  institute;  5  -  weather 
bureau;  6,  6,  6,  6,  6  -  meteorological  stations, 
a  -  routine  exchange  of  requests,  replies,  and 
storm  warnings;  b  -  storm  warnings  and  replies 
to  requf^sts. 
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II.  THE  ARTILLERY  WEATHER  SERVICE 


History  of  th9  Artillary  WeathT  3tv1o» 

Establishod  In  I9264  tha  Artlllary  Waathar  Sarvioa  has 
passad  through  thrae  davalopmantal  stagas.  During  tha  first  parlod, 
from  1926  to  19^0,  wind  soundings  wars  takan  by  slngla-polnt  pilot- 
balloon  obsarvatlons .  Tha  basic  unit  of  the  Artlllary  Waathar  Sarv- 
Ica  during  this  parlod  was  tha  artlllary  waathar  post.  [27#  p.  172] 

Tha  sacond  period,  from  1941  to  1945#  saw  tha  Introduction 
of  the  double -theodolite  (or  basa-llna)  method  of  pilot-balloon  ob¬ 
servation  and  the  comb -radiosonde  method  of  making  temperature  sound¬ 
ings.  Tha  basic  unit  of  the  Service  during  this  parlod  was  the 
artillery  weather  platoon. 

The  postwar  parlod,  since  1946,  has  seen  several  innova¬ 
tions,  including  the  use  of  radar  In  making  wind  soundings  and  some 
research  on  new  or  Improved  methods  for  complex  atmospheric  sound¬ 
ings.  Tha  present  basic  unit  of  tha  Artlllary  Weather  Service  Is 
tha  recently  developed  mobile  artillery  weather  station,  around 
which  the  artillery  weather  batteries,  consisting  of  artillery 
weather  platoons,  are  organized.  The  development  of  the  mobile 
station  actually  marks  the  beginning  of  a  new  period  for  the  Service, 
although  the  deployed  type  of  weather  posts  are  still  in  use  along¬ 
side  the  newer  units. 


The  Mobile  Artillery  Weather  Station 

The  mobile  artillery  weather  station,  because  of  its 
advantages  over  the  former  fixed  stations,  makes  possible  the  so¬ 
lution  of  a  number  of  complex  problems  of  artillery  weather  service 
under  field  conditions.  The  basic  Instruments  and  equipment  of  the 
station  are  housed  and  transported  in  a  tractor-trailer.  The  radio¬ 
sonde  release  point  is  located  on  the  truck,  and  complex  sounding 
results  are  processed  there.  The  trailer  contains  a  hydrogen  gas 
generator  for  field  use,  a  gasoline-powered  generator  assembly  to 
power  the  radiosonde,  and  stoi^ge  space  for  expendable  supplies. 

New  and  improved  instruments  and  equipment  have  been  placed  in  the 
mobile  artillery  weather  station,  including  a  pi^ssure  chamber  for 
pressure-calibrating  the  radiosonde,  a  field  radiosonde  lab  for  cali¬ 
brating  and  adjusting  the  radiosonde  prior  to  release,  and  theodolites 
and  other  instruments  necessary  for  double-theodolite  pilot-balloon 
wind  observations.  Even  with  the  mobile  station,  however,  wind 
soundings  cannot  be  made  when  clouds  and  fog  cause  poor  visibility. 
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Special  Observation  Programs 


The  Artillery  Weather  Service  maintains  three  programs  of 
weather  observations  as  part  of  its  reconnaissance. 


Field  Artillery  observations  Include  a)  ballistic  wind,  for  trajec- 
ior^HiIevitions  prescribed  by  the  Artillery  Staff;  b)  ballistic  tem¬ 
perature  deviations  for  prescribed  trajectory  elevations;  and  c)  n*»ar- 
surface  atmospheric  pressure  and  air  temperature  deviations  from  their 
standard  table  values  (taken  at  the  platoon  deployment  station). 


Antiaircraft  Artillery  observations  Include  a)  ballistic  wind  by 
standard  Increment  up  to  shell  burst  altitude  and  at  other  altitudes 
as  prescribed;  b)  ballistic  air  temperature  and  air  density  differen¬ 
tials  for  these  altitudes;  and  c)  near-surface  atmospheric  pressure, 
air  temperature,  and  air  density  deviations  from  the  standard  table 
values . 


Sound  Ranging  observations  Include  a)  surface  air  temperature; 
b )  surface  wind  velocity  and  direction;  and  c)  air  temperature, 
wind  direction,  and  wind  velocity  distribution  at  the  standard  alti¬ 
tudes  of  50,  150,  300,  500,  700,  900,  and  1100  meters  above  the 
station  site. 


Missions  of  the  Artillery  Weather  Service  Units 

The  artillery  weather  platoon  conducts  surface  observations 
of  air  temperature,  humidity,  and  pressure;  wind  velocity  and  direc¬ 
tion;  cloud  cover;  and  other  atmospheric  factors.  Tne  platoon  also 
performs  wind  and  temperature  sourdings  and  Is  responsible  for  pro¬ 
cessing  the  data  obtained  and  transmitting  the  sounding  results  to 
Amy  headquairters  in  coded  form.  The  coded  weather  bulletins  pro¬ 
duced  by  the  artillery  weather  platoon  are  called  meteo-f irlng, 
meteo-antlalrcraf t,  and  meteo-soundlngs,  respectively. 

Upon  receipt  of  the  order  to  deploy,  the  commander  of  the 
weather  platoon  will  a)  secure  Intelligence  on  the  enemy;  b)  locate 
the  deployment  area;  c)  set  up  schedules  for  making  atmospheric 
soundings  and  transmitting  weather  bulletins,  decide  on  the  eleva¬ 
tions  to  be  covered  by  individual  bulletins  (for  rocket  field 
artillery  and  antiaircraft),  and  detemlne  what  technical  means  will 
be  required  for  upper  wind  soundings;  d)  direct  platoon  movements 
and  maintain  contact  with  artillery  headquarters;  e)  keep  the  DlvArty 
commander  informed,  during  deployment,  of  the  location  of  the  elements 
under  his  control  (e.g.,  the  mobile  artillery  weather  station,  sur- 
fac3  weather  observation  points,  first  and  second  theodolite  points. 
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wind  sounding  rad*i,r  Installations,  and  communications  radio  center); 
and  f)  insure  that  the  platoon  stays  within  30  km  of  the  combat 
artillery  units  in  flat  country,  and  at  the  same  elevation  and  much 
closer  in  mountainous  country. 

Tlie  mission  of  the  weather  posts  Is  specialized  and  limited. 
Hocket  field  artillery  weather  posts  determine  the  wind  direction  and 
velocity  at  a  height  of  3  m  above  the  ground,  while  sound  ranging 
weather  posts  observe  air  temperature  and  wind  direction  at  a  height 
of  2  m  above  the  ground. 


The  Artillery  Weather  Service  and  QUOMS 

QUQMS  provides  the  Artillery  Weather  Service  with  detailed 
weather  and  hydrologic  data  for  specific  areas  as  requested  and  the 
routine  and  special  forecasts  necessary  for  planning  artillery 
operations. 


The  Artillery  Weather  Service  and  Other  Military  Agencies 

By  broadcasting  the  three  types  of  weather  bulletins  des¬ 
cribed  above,  the  Artillery  Weather  Service  makes  Its  observation 
results  available  to  all  military  agencies. 
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III.  CHEMICAL  WARFARE  WEATHER  SERVICE 


[information  in  this  section  was  taken  from  a  1941  source.] 


Weather  Factors  in  Planning  Chemical  Warfare  Operations 

Chemical  warfare  requires  meteorological  observations  for 
factors  influencing  the  effectiveness  of  the  offensive  use  of  chemi¬ 
cal  agents  and  defensive  countermeasures  against  chemical  attack. 

To  properly  evaluate  the  effect  of  weather  on  offensive  or  defensive 
chemical  warfare  operations,  one  must  know  the  wind  direction  and 
velocity,  the  air  temperature,  and  the  air  stability  aloft  (presence 
or  absence  of  inversions).  Precipitation,  cloud  cover,  pressure, 
and  humidity  effects  must  also  be  taken  into  consideration.  Only 
certain  combinations  of  weather  factors  constitute  a  favorable 
weather  situation  for  offensive  or  defensive  chemical  warfare  opera¬ 
tions.  [22,  p.  2351 


Organization  of  Chemical  Warfare  Weather  Stations 

The  chemical  warfare  regiment's  weather  station  deploys 
on  the  order  of  the  Chemical  Warfare  Officer,  usually  in  the  vicinity 
of  the  regimental  command  post.  A  suitable  site  for  making  weather 
observations  (i.e.,  without  local  obstructions  and  at  least  100  m  from 
the  nearest  wooded  area)  is  selected  by  the  OIC  of  the  weather 
station.  A  site  which  lends  itself  to  camouflage  measures  is  chosen 
if  possible.  The  relatively  simple  instruments  and  equipment  include 
a  wind-sock  or  tell-tale,  a  Feuss  anemometer,  a  compass,  a  sling 
psychrometer,  watches,  portable  posts,  eight  pegs  marked  with  the 
points  of  the  compass,  a  flashlight,  a  Journal  for  the  observation'^, 
an  Instrument  case,  and  a  manual  of  weather  station  procedures.  An 
aneroid  barometer  and  a  cloud  atlas  are  optional  equipment.  After 
the  station  site  has  been  selected,  the  OIC  of  the  station  (usually 
a  Junior  officer  or  the  enlisted  man  best  trained  in  chemical  war¬ 
fare)  Issues  instructions  to  inclxide  the  following:  location  if  the 
enemy,  the  weather  elements  to  be  observed,  the  duty  roster  and 
schedule,  and  the  transmission  schedule  and  distribution  list  for 
weather  reports.  Then  the  station  is  put  into  operation.  Usually 
four  to  six  persons  are  assigned  to  a  24-hour  station.  [2?1 


-  9  - 


SUBJECT; 


AID  Work  Aaelgnment  No,  32  (National  Weather  Service, 
USSR),  Report  1.  Paragraph  c 

SOURCES:  See  list  of  references  below. 


"OROANIZATICN  OP  THE  AOENCY  PROTIDINa  WEATHER 
SUPPORT  TO  THE  SOVIET  AHMT” 


As  was  noted  In  Paragraph  a,  the  central  administrative 
organ  of  the  Soviet  government  responsible  for  providing  meteor¬ 
ological  and  hydrological  services  (the  Hydrometeorological  Ser¬ 
vice)  for  both  tlM  national  economy  and  the  national  defense  Is 
the  Main  Administration  of  the  Hydrometeorological  Service  USSR 
(OUCBIS).  On  the  accompanying  19oO  organization  chart  of  the 
drometeorologlcal  Service  (Pig.  2),  QUQMS  Is  designated  A.  Ry 
the  governmental  decree  ordering  the  reorganization  of  the  Ser¬ 
vice  In  November  1936,  QUOMS  was  given  the  responsibility  of  pro¬ 
viding  the  national  economy  and  the  national  defense  with  hydro¬ 
meteorological  Information  In  the  form  of  data  and  f outcasts;  ad¬ 
visories  and  warnings  of  hazardous  or  destructive  weather  and  hy¬ 
drological  phenomena;  and  investigations,  studies,  and  research  on 
the  hydrometeorological  regimes  of  continental  and  insular  portions 
of  the  USSR,  of  Interior  bodies  of  water,  and  of  bordering  seas 
and  oceans. 

This  responsibility  entails  supplemental  Investigations, 
research  and  development  work,  and  other  measures  required  l)  to 
adopt  new  operational  techniques,  2)  progressively  to  improve  the 
weather  service,  and  3)  to  raise  professional  standards  and  skills 
of  weather  service  personnel.  The  direction,  administration,  and 
maintenance  of  the  Hydrometeorological  Service  are  Implemented 
through  a  system  of  central  and  regional  scientific  research  In¬ 
stitutes,  central  service  and  liaison  organs,  and  35  subordinate 
publlc  and  territorial  administrations.  These  organs  are  designated 
as  follows  on  the  accompanying  chart: 

A,  Main  Administration  of  the  Hydrometcorolcgical  Service. 

B  to  H,  central  scientific  research  Institutes  In  Moscow 
or  Leningrad. 

I  to  M,  regional  hydrometeorological  scientific  research 
Institutes  In  Vladivostok,  Tbilisi,  Kiyev,  Alma- 
Ata  ,  and  Tashkent . 

N  to  Q,  central  service  and  liaison  organs  In  Moscow  or 

Leningrad  and  associated  educational  Institutions. 

R.  subordinate  republic  and  territorial  administrations. 

R-1  to  R-xvl,  field  organs  (individually  designated), 

R-1  to  R-xlil,  operating  field  organs  (not  collectively 
designated) . 

R-xlv  to  R-jcvl,  field  service  and  maintenance  organs  (not 

collectively  designated) , 


the  systfcm  operates  as  follows? 

SRJ(»IS  directs  and  controls  the  work  of  all  org'arxs  in  the 
system  and  cooi*dli\ates  and  standardl2:e8  the  work  of  hydr».meteorol- 
ogical  networks  of  other  Soviet  agencies  participating  in  the  na¬ 
tional  service. 

The  central  institutes  conduct  highly  specialized  in¬ 
vestigations  and  studies  required  to  provide  information  and  to 
laalntaln  high  standards  of  service.  The  regional  institutes  in¬ 
vestigate  local  prohlems^  provide  specialized  services  that  can¬ 
not  be  provided  on  the  national  level,  and  study  the  liydroaeteorol- 
oglcal  regimes  of  particular  areas  more  thoroughly  than  would  be 
possible  at  the  central  institutes. 

The  functions  of  the  Main  Aviation  Weather  Center,  the 
Main  Radlometeorological  Center,  the  ^drometeorologlcal  Fiibllshlng 
House,  and  the  educational  Institutions  are  described  below.  The 
field  organs  [R-i  through  H-xvi]  are  dli'ectly  supervised,  maintained, 
and  Inspected  by  the  subordinate  republic  and  territorial  admlnistra- 
tiona  of  The  principal  operating  organs  [R-i  through  R-xj 

under  each  of  the  35  administrations  provide  (in  addition  to  obser¬ 
vations)  forecasts,  warnings,  and  advisories.  The  other  operating 
organs  IH-xl  through  R-xill]  make  simple  visual  nonlnetrujuental 
observations.  The  nonoperating  organs  [R-xlv  through  H-xvi]  pro¬ 
vide  service,  maintenance,  and  repair  work. 


A,  jWaln  Administration  of  the  Hydrometeorological  Service  (dUCBIS) 


OUCENS  Is  located  in  Nobcow.  Its  relationship  to  the  8ub> 
ordinate  eleaients  of  the  system  has  been  defined  in  Paragx^ph  a. 

In  addition,  it  coordinates  and  standardizes  the  work  of  hydrome¬ 
teorological  netwi ^ks  of  other  arms  of  the  government  which  must 
follow  the  directives  of  CRTCM3  with  regard  to  participation  In  the 
national  network.  For  example,  the  network  of  stations  in  the  Soviet 
sector  of  the  Arctic  is  administered  by  the  Main  Administration  of 
the  Northern  Sea  Houte,  but  is  under  the  functional  supervision  of  OUCBIS. 

QUGOSS  publishes  the  monthly  scientific  Journal  Meteorologiya 
i  gidrologiya  (Meteorology  and  Hy<frology) . 


Cm^HAL  SCIENTIFIC  RESEARCH  XNSTITOTBS 


B.  Central  Institute  of  Weathez*  Forecasts 


The  Central  Institute  of  Weather  Forecasts  (TsIP)  is  the 
national  scientific  research  Institute  and  supervisory  organ  in  the 
field  of  meteorological  and  hydi’ologlcal  foi*ecaBtlng.  TsIP  collects 
weather  reports  in  coded  form  from  the  network  of  stations  under  the 
direct  supervision  of  the  35  republic  and  territorial  administra¬ 
tions.  Each  synoptic  station  transmits  its  report  at  0300,  0900. 

1500,  and  2100  hours  Moscow  Time  to  the  nearest  weather  bureau  iR-1], 
which  in  turn  transmits  it  to  TsIP  and  to  the  nearest  regional  radio 
meteorological  center  [R-xlv].  The  regional  centers  and  TsIP  broad¬ 
cast  weather  reports  at  regularly  scheduled  times;  similar  reports 
are  also  broadcast  to  non-Soviet  radio  stations.  These  reports  pro¬ 
vide  the  basic  data  required  for  compiling  synoptic  weather  maps 
for  any  subdivision  of  the  Service .  TsIP  also  rebroadcasts  certain 
non-Soviet  weather  reports. 

In  addition  to  TsIP,  certain  major  weather  bureaus  [R-l] 
issue  advisories  on  the  analysis  of  weather  maps  and  remarks  on  the 
prospective  development  of  atmospheric  processes.  The  transmission 
of  facsimiles  of  analyzed  weather  maps  from  TsIP  and  the  weather 
bureaus  is  gradually  t  sing  introduced.  TsIP  transmits  computations 
of  vertical  wind  velocities  and  data  for  compiling  24-hour  prognostic 
weather  maps.  Weather  forecasts  for  general  use  are  transmitted  by 
radio,  telegraph,  or  telephone  to  certain  organizations  according  to 
prior  arrangements.  TsIP  and  local  weather  bureaus  also  issue  and 
distribute  daily  weather  bulletins,  and  along  with  aviation  weather 
stations  [R-iv],  keep  interested  organizations  informed  about  special 
weather  phenomena  in  a  given  region  and  transmit  advisories  or  wam- 
inxB  accordingly  [9,  p.  37j»  TsIP  has  divisions  for  long-range 
and  agrometeorologlcal  forecsstirig  [39#  p.  74]. 
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C.  Main  Cteophyeic&l  Obaervatory  Imenl  A,  I.  Voyeykov 


Thl0  Institution,  located  in  Leningrad,  Is  the  principal 
scientific  research  am  of  (HJCaiS  in  all  branches  of  soeteorology 
and  ollBatoloQT.  The  Main  Observatory,  currently  under  the  direc¬ 
tion  of  N.  X.  Budyko,  conducts  the  sore  comprehensive  Investigations 
of  physical  processes  In  the  atmosphere,  studies  the  climate  of  the 
USSR  and  other  parts  of  the  world,  and  develops  methods,  procedures, 
and  Instruments  for  making  meteorological  observations.  It  Issues 
procedural  handbooks  and  directives  for  the  various  units  of  the 
Service  In  the  field  of  meteorology  and  handbooks  for  observers  at 
meteorological  stations  and  posts.  The  Trudy  Glavnoy  geofizicheskoy 
obseruavori  f  im,  A.  I.  Voyeykova  (Transactions  of  the  Main  Qeo- 
physical  Observatory)  Is  one  cf  Its  major  publications.  [29] 

The  Observatory  has  sections  or  divisions  for  the  follow¬ 
ing  subject  areas:  dynamo  meteorology,  physios  of  the  surface 
layer  of  the  atmosphere,  and  investigation  and  modification  of  local 
climate.  [39 »  P*  7^1 


D,  State  Hydrological  Institute 


This  institute,  located  In  Leningrad,  Is  engaged  In  In¬ 
vestigating  the  hydrology  of  the  continental  USSR  and  Its  Island 
possesalons.  The  Institute  l)  conducts  Investigations  Into  the  re¬ 
gimes  of  surface  waters  of  continental  and  other  land  masses,  such 
as  rivers,  swamps,  lakes,  and  reservoirs,  2)  develops  computing  and 
forecasting  methods  In  connection  with  problems  related  to  water 
utilization,  and  3)  establishes  methods  of  hydrological  measurement. 
Major  work  In  recent  years  includes  a  survey  of  water  resources  — 
through  which  virgin  and  abandoned  lands  are  being  reclaimed  --  the 
developpaent  of  a  theory  and  methods  of  computing  water  regimes  of 
streams  In  line  with  the  planning  of  hydroelectric  power  stations, 
and  methods  of  computing  the  water  regime  of  swamps  and  marshes. 

The  Institute  has  developed  a  number  of  automatic  hydro- 
logical  measuring  instruments.  It  publishes  Trudy  Gosudarstvennogo 
gidrologicheskogo  instituta  (Tranaactions  of  the  State  I^drologlcal 
Institute)  and  presently  is  compiling  the  second  edition  of  Spravoch- 
nik  po  vodnym  resursam  SSSR  (Handbook  on  the  Water  Resources  cf  the 
USSR).  [30;  313 
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E.  State  Oceanographic  Institute 


This  18  the  central  scientific  research  institute  in  the 
field  of  marine  hydrology.  Pounded  in  19^3#  its  main  office  is  in 
Moscow^  with  a  branch  in  Leningrad.  The  Institute  concerns  itself 
with  the  general  laws  of  physical  processes  taking  place  in  oceans  j 
sea8«  and  estuaries.  It 'studies  the  hydrological  regime  of  such 
water  bodies  for  the  purpose  of  complliag  handbooks^  forecast^  in¬ 
formation,  and  data  on  hydrological  regimes  for  the  Merchant  Fleet, 
the  fishing  industry,  and  ship-building  and  associated  engineering 
operations.  It  is  also  responsible  for  the  scientific  direction 
of  the  network  of  marine  hydrcMneteorological  stations  [R-vlil]  and 
marine  observatories  [R-llJ. 

The  Institute  has  seven  divisions:  Oceanography,  Tides, 
Physics  of  the  Sea,  Marine  Chemistry  Laboratory,  Laboratory  of 
Marine  Estuaries,  Instrumentation,  and  Methodology.  Its  principal 
bases  of  operation  are  1)  marine  hydrometeorological  observatories 
and  specialized  maritime  stations,  2)  marine  hydrometeorological 
stations  and  posts,  3)  estuary  hydrometeorological  stations,  and 
4)  marine  expeditionary  research  of  the  Institute  itself  and  of  the 
maritime  administrations  of  GFUaNS.  Results  of  investigations  by  the 
Institute  are  published  in  its  Trudy  Gosudaratvennogo  okeanografi- 
cheakogo  instituta  (Transactions  of  the  State  Oceanographic  Insti¬ 
tute)  and  in  monographs  and  manuals  (atlases,  handbooks,  charts, 
and  tables).  [32] 


P.  Central  Aerological  Observatory 


This  scientific  research  institute  engages  In  i*eBearch  on 
physical  processes  in  the  free  atmosphere.  It  was  organized  in  1940 
and  is  located  at  Dolgoprudnaya  Station  in  Moscow.  The  Observatory 
studies  the  regimes  of  temperature,  pressure,  humidity,  and  other 
meteorological  elements  and  conducts  investigations  on  cl  cud- forming 
processes,  properties  and  structures  of  clouds,  transformation  of 
air  masses,  atmospheric  turbulence,  radiatlonal  processes,  and  opti¬ 
cal  properties  of  the  atmosphere.  It  is  working  out  methods  of  mod¬ 
ifying  fog  and  precipitation,  and  of  utilizing  radar  for  observation 
of  wind,  thunderstorms,  and  other  atmospheric  phenomena.  In  its  in¬ 
vestigations,  the  Observatory  conducts  experiments  and  observations 
directly  in  the  free  atmosphere  by  means  of  aerostats,  radiosondes, 
and  aircraft.  The  development  of  new  procedures  and  the  design  of 
new  instruments  are  also  a  p€n:‘t  of  the  Observatory's  comprehensive 
program  of  aerological  observations.  The  progrss  includes  the  di¬ 
rection  of  the  aerological  activities  of  the  entire  network  of  hy¬ 
drometeorological  stations.  The  Observatory's  house  organ  is  the 
Trudy  Tsentral'noy  aerolog icheskoy  observatorii  (Transactions  of  the 
Central  Aerological  Observatoiy) . 
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g.  Scientific  Reaearch  Institute  of  Aeroclljaatology 


Iiocated  in  Hoacov,  thla  institute  is  the  central  organ  of 
the  Service  engaged  in  the  methodology  of  nechanioal  data  proces¬ 
sing  iti  aspects  of  aeteoroloor.  Analysis  and  interpretation  of 
processing  results  are  also  responsibilities  of  the  Institute.  Its 
house  organ  is  the  Trudy  Nauchno-iasledovatel ' skogo  instituta  Aero- 
kiimatoiogi  i  (Transactions  of  the  Scientific  Research  Institute  of 
Aerocliaatology) . 


H,  Scientific  Research  Institute  of  gydrometeorological  Instruments 


HerSj  new  types  of  instruments  are  developed  and  existing 
instruments  are  Improved.  The  Institute  was  founded  in  1948  in 
Moscow  and  supersedes  the  former  Central  Engineering  Bureau  of  dUCMS. 
There  are  a  number  of  laboratories «  an  Engineering  Division^  an  ex¬ 
perimental-production  workshop^  and  an  experimental  hydrometeorologi¬ 
cal  station  where  instruments  are  tested.  The  Institute  publishes 
the  Trudy  Nauchno^i asledovatel' skogo  instituta  g idrometeorologicheshogo 
priborostroyeniya  (Transactions  of  the  Scientific  Research  Institute 
of  £^drometeorological  Instruments) >  in  which  the  more  important  re¬ 
search  results  in  the  theory  and  engineering  of  hydrometeorological 
instruments  are  published.  134] 
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REaiOHAL  SCIENTIFIC  RESEARCH  HIDROBfETEOROLOOICAL  INSTITUTES 


Begioxsal  scientific  research  hydrometeorological  Institutes 
have  been  established  throughout  the  USSR  to  Investigate  both  gen¬ 
eral  and  regional  probleias  in  meteorology  and  its  allied  branches. 
Regional  Institutes  have  been  established  In  the  Soviet  Far  East, 
at  Vladivostok  lu  1949  [l];  Kazakhstan^  at  Alma-Ata  in  1951  [J]; 
the  Ukraine^  at  Klyev  in  1951  [K];  Oeorgla.  at  Tbilisi  In  1953 
[L];  and  Soviet  Central  Asia,  at  Tashkent  [N]. 

Each  of  the  regional  Institutes  publishes  the  results  of 
its  major  research  efforts  in  Its  Trudy,  or  house  organ.  The  titles 
of  various  articles  are  listed  In  Meteorologiya  i  gidrologiya  at 
Irregular  Intervale.  Very  unfavorable  reviews  of  a  number  of  arti¬ 
cles  first  appearing  In  the  Trudy  of  the  Kazakh  Scientific  Research 
Hydrometeorological  Institute  suggest  that  there  Is  considerable. 

If  not  complete,  autonomy  of  each  Institute.  [33] 
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GERTRAX.  LIAISON  AND  SEBYXCE  OROAHS 


H.  Main  ATiatlon  Weatlsar  Center 


The  Center^  located  in  Noeoow^  le  an  Interdepartmental 
facility  and  llaiaon  office  between  the  civilian  and  military  weather 
aervlcea.  Ita  Director  la  Anatoliy  V.  Brodakly.  In  the  lead  artl- 
clea  of  the  July  I96I  Isaue  of  Grazhdanakaya  aviataiya,  [l2]j  ^odskly 
outllnea  the  cooperative  meaaurea  being  taicen  by  the  Main  Admlnlatra- 
tlon  of  the  Civil  Air  Fleet  and  CR7CMS  to  modernize  preflight  and 
flight  weather  aervlce.  There  la  very  little  additional  published 
Infozvatlon  on  the  Center^  which  waa  only  recently  eatabllahed  at 
Ynukovo  Airport. 


0.  Wain  Badlometeorologlcal  Center 


The  moat  powerful  radio  broadcasting  station  in  the  USSR 
la  located  at  the  Center  In  Moscow.  It  broadcasts  nationally  and 
Internationally  on  a  regular  schedule.  In  1956,  there  were  In  addi¬ 
tion  26  regional  radio  meteorological  centers  IR-xlv].  [36] 


P.  Bydrometeorological  Publishing  House 


"Oldroflieteolzdat"  has  Its  main  office  in  Leningrad  and  a 
branch  In  Moscow.  It  publishes  the  periodicals,  serials,  and  mono¬ 
graphs  Issued  under  the  auspices  of  CUOfS  and  its  affiliates,  as 
well  as  contributions  from  specialists  of  other  institutes  or  organ¬ 
izations.  [37  J 


Q,  Educational  Instltutioas 


Educational  institutions  have  been  established  to  prepare 
cadres  of  qualified  meteorologists,  hydrologists,  oceanographers, 
and  agricultural  ^teorologlsts  on  both  Intermediate  and  advanced 
levels  for  the  Service.  In  1930,  the  Moscow  (now  the  Leningrad) 
^draneteorological  Institute  and  the  Yladivostok,  Moscow,  and  Rostov 
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Hydrometeorological  Technical  Schoole  irere  organised.  Later,  the 
Khar'koY  (now  the  Odessa)  Hydrometeorological  Institute  and  a  num' 
her  of  technical  schools  were  organized  to  ^ce  with  the  rap" 
Idly expanding  Service.  By  19^1,  over  100Q‘»Sfce|^  were  qualified 
ta^^Swe  advanced  ins  time  t  Ion  and  more  than  2000,  glve^^  Intermedi¬ 
ate  instruction.  In  addition,  the  program  to  prepare  cadres  has 
been  broadened  by  the  participation  of  some  of  the  state  universi¬ 
ties  and  by  the  correspondence  courses  now  being  offered  to  4^00 
Service  personnel.  Some  2240  of  these  are  enrolled  in  courses  from 
higher  educational  institutions.  Further,  many  of  the  rank  and  file 
workers  in  the  Service,  chiefly  observers,  are  raising  their  skill 
levels  in  hydrometeorological  schools.  About  11%  of  all  the  workers 
of  the  Service  attend  classes  anxmally.  [2] 
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REPOBLIC  AND  TERRITORIAL  ADMINISTRATIONS 


R.  Republic  and  Territorial  Admlnlstrationfl 


The  chief  responsibility  of  these  administrations  consists 
In  providing  routine  weather  serwice  to  the  national  economy  In  the 
form  uf  hydrometeorological  data^  Information,  and  forecasts.  Each 
of  the  33  administrations  supervises  and  Inspects  the  work  of  the 
station  network  In  Its  administrative  area.  Each  Is  charged  with  the 
conduct  of  projects  on  a  regional  or  local  scale  and  the  operational 
planning  and  distribution  of  the  basic  network  of  stations  and  posts 
required  for  complete  coverage  of  the  area's  hydrometeorological 
regime . 


Individual  administrations  are  not  Indicated  on  the  i960 
organisation  chart.  Republic  administrations  are  maintained  In  each 
of  the  15  Uhlon  Republics,  as  well  as  In  the  former  Earelo-Flnnlsh 
SSR  (now  a  part  of  the  RSFSR).  The  territorial  administrations  are 
located  throughout  the  RSFSR.  The  following  Is  an  alphabetical 
listing  of  the  geographical  designations  of  the  territorial  adminis¬ 
trations: 


Arkhangel'sk 

Chita 

Oor '  kly 

Irkutsk 

Kamchatka 

Khabarovsk 

Kolyma 

Krasnoyarsk 

Kursk 

Kuybyshev 


Leningrad 

Murmansk 

Novosibirsk 

Omsk 

Rostov 

Sakhalli>-Kurlle  Islands 
Sevastopol’ 

Sverdlovsk 

Vladivostok 

Yakutsk 

[1,  p.  I6j  39,  p.  74] 


R-1.  Weather  Bureaus 


The  collection,  transmission,  and  dissemination  of  data 
on  current  (and  sometimes  on  past)  weather  conditions  are  the 
principal  duties  of  the  weather  bureaus.  In  addition,  the  bureaus 
compile  and  disseminate  weather  forecasts  of  various  rfmges, 
forecasts  conforming  to  requirements  of  each  of  the  admi'jilstratlve 
unite,  and  forecasts  for  other  special  purposes,  [9,  p,  47] 

The  bureaus  have  a  staff  of  synoptic  meteorologists,  and  forecasting 
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Is  the  major  function  of  most  of  these  statlona.  The  bureaus  are 
frequently  located  In  the  principal  cities  or  capitals  of  the  various 
administrative  regions  [40,  p.  58] •  Articles  written  by  specialists 
at  weather  bureaus  appear  In  Sbornik  po  ainoptike  (Collection  of 
Articles  on  Synoptic  Meteorology)  and  in  the  Trudy  of  the  regional 
scientific  research  hydrometeorological  institutes. 


R-li.  Observatories 


The  responsibilities  of  the  observatories  Include  the 
performance  of  synoptic  observations  all  meteorological  elements, 
the  continuous  recording  of  changes  In  the  basic  elements,  and  the 
conduct  of  highly  specialized  observations  and  Investigations  related 
to  the  region  i^lch  they  serve  [^0,  p.  213].  9ot  example,  the 
Tashkent  Scientific  Research  Observatory  has  conducted  Important 
Investigations  of  the  climate  of  Soviet  Central  Asia  and  has  taken 
steps  to  develop  or  Improve  methods  of  forecasting  weather  and 
agrometeorologlcal  conditions  In  cot ton -growing  areas.  It  also 
makes  very  detailed  actlnometrlc  observations.  The  marine 
observatories  on  the  other  hand  specialize  In  the  observation  and 
forecasting  of  phenomena  in  coastal  and  sea  areas. 


R-lii.  Hydrometeorological  Bureaus 


These  are  organized  especially  for  making  foi*ecaste, 
storm  warnings,  and  advisories  for  agriculture.  They  issue  10-day 
summaries  of  past  weather  conditions  and  prepare  resumcTs  of  crop 
conditions  within  their  administrative  regions.  For  example,  the 
Yaroslavl'  Hydrometeorological  Bureau  serves  247  organizations, 
including  97  collective  farms  and  15  state  farms.  The  results 
of  work  In  the  bureaus  are  published  in  Sbornik  po  ainoptike  and 
in  the  Trudy  of  regional  scientific  research  hydrometeorological 
institutes.  [39»  p.  72j  41] 


R-lv.  Aviation  Weather  Stations 


Located  at  airports  of  the  Civil  Air  Fleet,  the  aviation 
weather  stations  make  meteorological  and  serological  observations, 
collect  weather  reports,  compile  and  analyze  synoptic  and  upper- 
air  maps,  and  provide  detailed  aviation  weather  data  and  Information 
to  aircraft  crews  at  prefll^t  briefings  and  during  flight.  A  special 
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feature  of  the  service  le  the  compilation  between  leeuee  of  standard 
synoptic  observations  of  spscial  large-scale  dense -network  synoptic 

naps  of  local  areas  during  deteriorating  weather  conditions. 

At  present,  aviation  weather  service  In  the  USSR  Is  being 
modernized  to  sez^ve  the  requirements  of  high-speed  and  hlgh-altltude 
aircraft  more  efficiently.  Attempts  are  being  made  to  incorporate 
Into  rozitlne  operations  such  modem  techniques  as  radar  and  automatic 
recording  and  broUdeastlng  from  radlometeorologlcal  stations.  For 
example,  the  Installation  of  copying  machines  will  soon  make  obsolete 
the  hand-copied  Pilots'  Bulletin^  which  will  be  replaced  by  duplicates 
of  current  synoptic  maps  and  ot.ier  meteorological  Information. 
Improvements  will  also  be  made  In  In-f light  weather  service.  [12-16; 

lC-19] 


R-v.  Meteorological  Stations 


Here,  hydr<Mieteorologlcal  observations  are  made  on  a 
regular  schedule  throughout  the  year.  Each  republic  and  territorial 
administration  of  the  Hydrometeorological  Service  Is  responsible 
for  selecting  the  sites  for  Individual  stations  within  Its  network. 
Site  selection  Is  governed  by  degree  of  exposure  to  prevailing 
elements,  proximity  to  populated  places,  and  accessibility. 


The  stations  are  of  three  orders.  First-order  stations 
make  standard  synoptic  observations  and  continuous  recordings  of 
variations  of  the  basic  elements  and  specialized  observations  as 
required.  The  last  Include  actlnometrlc,  aerologlcal,  and 
atmospheric -electricity  observations.  First-order  stations  have 
a  minimum  staff  of  nine  persons  to  maintain  the  basic  program,  and 
additional  personnel  are  assigned  for  the  special  projects.  The 
program  for  first-order  stations  encompasses  the  following: 


Standard  Synoptic  Observations 

- vlslbTllVr - - 

cloud  formation 
Ic  Ing 

precipitation 

temperature 

wind  conditions 

pressure 

humidity 

soil  ten^jerature 


Hydrological  Observations 
water-table  levels 
alluvial  discharge 
chemical  compositions  in  water 

With  additional  personnel; 
water  temperatures 
Ice  phenomena 
streaim  levels 
evaporation 


first-order  stations  also  undertake  pilot-balloon  and  radio¬ 
sonde  observations.  [43^  Appendix] 
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Second-order  statlone  perform  the  same  routine  synoptic 
and  hydrological  observatlone  a-"  first-order  stations  with  minimum 
staff.  Specialized  observatlor  work  la  not  undertaken  by  these 
stations.  The  minimum  staff  ol  second-order  stations  consists  of 
four  to  flTe  persons.  Third -order  stations  are  staffed  by  at  least 
two  persons  and  do  much  the  same  work  as  second-order  stations. 


R-vl.  Hydrological  Stations 


Routine  operations  at  these  stations  are  similar  to  those 
of  first-  and  second-order  meteorological  stations.  The  complete 
hydrological  observation  program  (with  augmented  staff)  Includes 
observation  of  water  temperature^  ice  phenomena^  state  of  water 
surfaces,  alluvial  discharge,  chemical  compositions  in  aater,  and 
evaporation  from  soil  and  water  surfaces.  First -order  8tatlor*< 
have  a  minimum  staff  of  seven  persons;  second-order  stations,  of 
three  to  four. 


R-vll.  Aerological  Stations 


The  meteorological,  hydrological,  and  agrometeorologlcal 
programs  for  minimum  staffs  of  aerological  stations  are  the  same 
as  for  first-  and  second-order  meteorological  stations.  The 
aerological  program  at  all  stations  Includes  radar  soundings  and 
radiosonde  and  pilot-balloon  observations.  First-order  stations 
with  staff  additions  undertake  specialized  Investigations  and 
operations  within  the  aerological  program.  First-order  stations 
have  a  minimum  staff  of  23  persons;  second-order  stations  have 
a  minimum  of  19.  It  should  be  noted  that  hydrological  and 
aerological  stations  do  not  make  specialized  agrometeorologlcal 
observations. 


R-vlll.  Marine  Hydrometeorological  Stations 


First-  and  second-order  station  programs  are  slmllau*  to 
those  of  first-  and  second-order  meteorological  stations.  Third- 
order  stations  do  not  conduct  aerological  or  agrometeorologlcal 
observations.  Additional  elements  of  the  program  at  marine 
hydrometerologlcal  stations  are  measurements  of  the  specific  gravity 
of  water  (normal  staff)  and,  at  first-  and  second-order  stations 
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only,  the  taking  hydrological  crose  sect  lone  ji,  Ice  prc  flies,  and 
roadstead  observations.  Hlnlmim  staff  complements  ^re  to 
eleven,  five  to  six,  and  three  persons. 


R~lx.  Special  Programs 


Runoff  stations  have  a  program  similar  to  first-order 
hydrological  stations.  Agrometeorologlcal  stations  operate 
observation  programs  for  all  agrometeorologlcal  elements  and  have 
a  general  program  similar  to  that  of  second-order  meteorological 
stations.  Estuary  and  lake  stations  have  programs  of  work  similar 
to  those  of  first-order  marine  hydrometeorological  stations,  with 
the  exception  of  specific  gravity  measurements.  Bog  stations  have 
a  program  of  observations  similar  to  runoff  stations  for  swamp  and 
marseh  areas.  Mlcroselemlc  observations  are  made  according  to 
requirements  of  certain  special  programs. 


R-x.  3hlp  [Marine -Weather 3  Hydrometeorological  Stations 


First -order  stations  with  minimum  staff  observe  atmos¬ 
pheric  phenomena,  visibility,  cloud  cover,  wind,  air  temperature, 
pressure,  and  humidity  In  their  metfcoro-..s>glcal  programs;  pilot- 
balloon  observations  In  their  aerological  program;  and  water 
temperature.  Ice  phenomena,  state  of  water  surface,  and  specific 
gravity  of  water  measurements  In  their  hydrological  program.  With 
supplemental  staff,  radiosonde  observations  are  made.  At  second- 
order  stations,  similar  meteorological  and  hydrological  (except 
specific  gravity  of  water)  programs  are  observed.  Pilot-balloon 
obs(»nrations  are  authorized  with  a  supplemental  staff.  Third- 
order  stations  have  the  same  meteorological  and  hydrological 
programs  as  the  second-order  statlvns.  Measures  are  now  being 
taken  to  improve  the  quality  and  the  areal  extent  of  the  ship 
reporting  service,  which  until  recently  was  very  poor.  [44] 


R-xl.  Meteorological  Posts  (Formerly,  Third -Order  Stations) 


First-order  posts  perform  observations  of  weather  phenomena 
requiring  little  instrumentation,  such  as  visibility,  cloud  condi¬ 
tions,  precipitation,  snow  cover,  and  water-table  levels.  First- 
order  posts  also  undertake  complete  or  partial  agrometeorologlcal 
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obBervatlon  prcgramis*  The  duties  of  second-order  posts  are  sub¬ 
stantially  the  sasao  as  those  of  flrst-ordfer  posts,  except  that 
only  partial  agroaeteorologlcal  programs  are  conducted.  Third- 
order  posts  perform  no  agi’ometeorologlcal  functions  at  all. 


H-xl 1 .  Hydrological  Posts 


First-  and  8®corsd-<»rder  hydrological  posts  obsery®  the 
same  meteorological  elements  as  meteorological  posts.  Ho  agro- 
raetsorologleal  or  aerological  func*"ions  are  performed*  Hydrological 
elements  observed  are  water  temperature,  ice  phenomena,  state  of 
water  surfaces,  surface  stream  levels,  water-table  levels,  alluvial 
discharge,  and  chemical  composition  of  water*  At  third-order  stations 
only  water  temperature.  Ice  phenomena,  and  surface  stream  and  water- 
table  levels  are  observed. 


R-xi 1 1 .  Agrometeorologlcal  Posts 

Observations  of  atmospheric  phenomena  and  precipitation 
and  snow-cover  measurements  are  made  here. 


R-xlv.  Radio  Meteorological  Centers 

In  1956  there  were  26  regional  radio  meteorological 
broadcasting  centers  In  various  parts  of  the  USSR.  (36] 

R “X V .  Repair  and  Maintenance  Crews 

These  are  under  the  jurisdiction  of  the  republic  and 
territorial  administrations  [38,  p.  298], 


R-xvl,  Instrument  Calibration  ^ireaus 


These  offices  are  under  the  Jurisdiction  of  the  republic  and 
territorial  administrations,  but  operate  under  directives  of  the 
Main  geophysical  Observatory  Imenl  A.  I,  Voyeykov. 
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Marine  Hydrometeorolosical  Posts 


With  a  ainlmaa  staff  of  one,  these  posts  have  no  aerological 
and  agroaeteorologleal  programs.  All  thz»e«  orders  observe  atmospheric 
phenomena,  visibllltj.  eloud  conditions,  temperatui'e ,  wind  conditions, 
water  temperature,  and  lee  phenomena.  Snow  cover  and  precipitation 
are  measured  at  first-  and  second-order  posts.  First-order  posts  also 
observe  surface  stream  levels  and  water-table  levels.  [43,  Appendix] 


Health-Resort  Administration 


Siu. 
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This  administration  maintains  a  number  of  stations  at' 
health  resorts  In  the  Crimea,  the  Caucasus,  the  Transoauoasus,  and  the 
Transbaykal.  (l4,  p.  22] 
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ALLIED  ORaANXZATIONS 


Institute  of  Physics  of  the  Atmosphere^,  Academy  of 
Sciences  UslSH,  is  engaged  in  che  study  of  physical  properties  of 
the  atmosphere  and  tihe  processes  taking  place  In  It.  Established 
In  1936,  the  Institute  has  two  divisions t  one  for  research  on  the 
upper  atmosphei^,  and  one  for  turbulence  studies*  Laboratories 
for  atmospheric  acoustics  and  atmospheric  optics  are  maintained. 

The  Institute  has  a  branch  at  Zvenlgorod,  Moscow  Oblast,  and  three 
stations:  the  Severnaya,  on  the  Kola  Peninsula  south  of  Murmansk; 
the  Hoshchlnskaya,  on  the  Karelian  Isthmus  in  Leningrad  Oblast; 
and  the  Tslmlyanskaya,  on  the  shore  of  the  Tslmlyanskly  Reservoir 
In  Rostov  Oblast.  Chief  tasks  of  the  Institute  are  studies  of  l) 
processea  In  the  various  layers  of  the  atmosphere,  2)  optical 
properties  of  the  atmosphere,  3)  atmospheric  turbulence,  and 
4)  certain  aspects  of  weather-forscastlng  theory.  [47] 

The  Department  of  Physical  Geography,  Institute  of  Oeorgaphy, 
Acadeoay  of  Sciences  makes  general  Md  regional  studies  in 

meteorology,  climatology,  and  hydrology.  Its  publishes  the 

results  of  the  more  Important  investigations  In  these  fields.  Many 
of  the  Department's  staff  are  authors  of  monographs  on  regional 
topics  containing  chapters  pertaining  to  the  meteorological 
sciences.  The  Institute  has  12  divisions.  Including  the  Divisions 
of  Climatology,  Hydrology,  Limnology,  and  Glaciology.  [14,  p,  15] 


The  Institute  of  Cryology  Imenl  V.  A.  Obruchev  in  Moscow 
conducts  research  on  the  physics,  chemistry,  thermo-^physlcs,  and 
mechanics  of  permafrost  and  snow.  The  Institute  h^s  a  Northern 
Branch  at  Vorkuta  and  a  Siberian  Branch  at  Yakutsk.  In  addition, 
the  Institute  operates  three  pe^afrost  stations:  Igarskaya, 
Aldanskaya,  and  Anad3rr8kaya.  [47] 

The  Institute  of  Oceanology,  Academy  of  Sciences  USSR, 
conducts  Investigations  of  seas  eind  oceans.  It  has  a  Laboratory 
of  Marine  Meteoi*ology,  Its  house  organ  Is  the  Trudy  Instituta 
pheanologii  /W  5^5^?  (Transactions  of  the  Institute  of  Oceanology). 


The  Joint  Meteorological  Computing  Center  (Ob"yedlnennyy 
meteorologlcheskiy  tsentr)  was  eetabllshed  in  to  develop 

electronic  methods  of  weather  forecasting.  Its  director  is 
P.  K.  Yeveeyev.  [48] 

Moscow  State  University  has  a  Department  of  Climatology 
and  a  Department ”0?^ ^ography  or  Morthem  Polar  Stations.  It 
maintains  Khibinskaya  geograficheskaya  stantsiya,  a  research  post, 
and  the  Snow  and  Ice  Laboratory.  The  University's  Uchenyye 
zap i ski  occasionally  publishes  Issues  on  climatology,  as  does  the 
Vestnikt  Seriya  geograficheskaya. 
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The  Main  Admlnlatration  of  the  Northern  Sea  Route  controls 
the  network  ot  hyCLrometeorologlcal  staVlone  In  the  soviet  Arctic 
located  generally  east  of  the  Barents  Sea,  with  stations  on  Pranz 
Josef  Land  and  at  Barentsburg,  Spitsbergen.  The  Arctic  and 
Antarctic  Scientific  Research  Institute  Is  the  Administration’s 
chief  research  arm.  In  1959#  the  Arctic  and  Antarctic  Scientific 
Research  Institute  had  the  following  divisions:  the  Oeophyslcal 
Division#  with  Aerologlcal  and  Aetlnometrlc  Sections;  the  Division 
of  Polar  Stations;  and  the  Division  of  Meteorology  and  Weather 
Forecasting  (in  Leningrad).  The  Moscow  Branch  of  the  Institute 
has  a  Division  of  Meteorology  and  Weather  Forecasting  with  a 
Climatology  Section  headed  by  I.  M.  Dolgln. 

Educational  Institutions  of  the  Main  Administration  of  the 
Northern  Sea  Route  providing  meteorological  training  are  the  Higher 
Arctic  Marine  School  laenl  S.  0.  Makarov,  which  has  a  Department 
of  Hydrometeorology,  and  the  Leningrad  Arctic  School#  which  has 
an  Aerology  Division  (established  In  1936)  and  the  Meteorological 
Instruments,  Aerologlcal#  and  Oeophyslcal  Laboratories  (established 
In  I960). 

The  Institute  of  Mathematics  and  Mechanics,  Academy  of 
Sciences  hSb,  has  conducted  many  investigations  on  the 

regional  synoptic  meteorology  of  Soviet  Central  Asia  [50], 
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On  21  June  1921,  V,  I,  Lenin  signed  a  decree  of  the  Comicil  of  the 
People's  CcManlssars  of  the  Russian  Soviet  Federated  Socialist  Republic  (RSFSR) 
establishing  a  meteorological  service  In  the  RSFSR.  The  Increase  from  200 
aeteorol<^cal  stations  and  125  precipitation  gage  xjosts  In  1920  to  20,000 
stations  of  all  kinds  by  1  January  I96I  gives  some  Idea  of  the  expansion  and 
growing  complexity  of  the  national  weather  service.  During  I92I-I929,  the 
Main  Geophysical  Observatory  did  much  of  the  preliminary  work  involved  in 
settli3g  up  the  Hydrometeorological  Service,  but  its  limited  resources  and 
capabilities  could  not  meet  the  demands  of  the  rapidly  growing  economy. 

By  1929,  there  were  twelve  different  departments  providing  meteoro¬ 
logical  and  hydrological  services  in  the  USSR.  To  a  great  extent,  aJLl  of  these 
operated  independently  and  without  coordinating  such  important  matters  as  plan¬ 
ning  and  developing  the  meteorological  and  hydrological  networks,  equipping 
stations  with  standard  Instruments,  publishing  data  In  a  stamdardized  format, 
organizing  a  unified  information  service.  Investigating  the  climates  of  the 
USSR,  establishing  storm  warning  and  advisory  services,  and  organizing  a 
weather  forecasting  service  for  agrometeorologlcal  and  hydrologlaal  conditions. 

On  7  August  1929,  the  Central  Executive  Coromlttee  and  the  Council  of 
the  People's  Conanissars  of  the  USSR  adopted  a  resclutiDn  recommending  the  con¬ 
solidation  of  the  country's  meteorological  and  hydrological  services.  The 
Hydrometeorological  Conenittee  of  the  RSFSR  formed  by  this  resolution  was  ex- 
pemded  in  1952  to  include  all  the  other  Soviet  republics  and  lesser  political 
units.  The  supervision  of  all  meteorological,  hydrcloglcal,  and  geomagnetic 
work  In  the  country  was  delegated  to  the  Hydrometeorclogical  Committee.  The 
first  director  of  the  Hydrometeorological  Service^  A.  P,  Vangengeym,  is  credited 
for  mutch  of  the  consolidation. 

During  1929-1952  the  Main  G-eophysical  Observatory  c€urried  out  a  great 
deal  of  work  etnd  published  several  vcltunes  on  the,  cTolinate  of  the  l^SR,  A  central 
weather  forecasting  service,  the  Central  Weather  BiOTeau,  began  to  issue  short- 
and  long-range  forecasts  and  later  to  b'*- '.sdcast  them  by  radl.'.  Under  the  direc¬ 
tion  of  B.  P,  Mul 'tanovskiy,  investigations  in  the  field  of  long-range  weather 
forecasts  were  conducted.  Also  at  this  time,  the  Moscow  Aerological  Observatory 
made  a  systematic  stady  of  the  atmosphere  by  means  of  mete : rographs  attached 
to  kites  and  aircraft.  On  50  Januai'y  1950.  the  w. rld’s  first  radlosande,  de- 
sigmd  by  P.  A.  Mcichanov,  was  released.  Its  design  was  fiyind  to  be  so  satis¬ 
factory  that  with  certain  modifications  it  is  still  in  use . 


The  agrometecrological  service  was  created  by  P,  I,  Brunov,  orlglnetUy 
to  make  summaries  of  weather  conditions  every  ten  days  and  record  the  date  of 
mnr  phases  in  crop  develrpaient  and  current  cr:^p  condltl-.ms.  The  Russian  Hydro¬ 
logical  Institute  vbs  revived  and  later  renamed  the  State  Hydrc  l:glcal  Institute  , 
which  was  to  become  the  country’s  central  Bclentlflc  research  organization  in 
the  field  of  hydrology.  Hydrologic  investlgatl<-ms  performed  at  this  institute 
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under  the  direction  of  V,  0,  Olushkor  foraied  the  basis  for  the  future  develop¬ 
ment  of  hydrology  as  an  independent  science.  During  these  seme  years,  hy¬ 
drologic  forecasts  vere  first  Issued. 

In  1929,  the  State  Oceanographic  Institute  was  established  for  the 
purpose  of  planning  oceanographic  research. 

The  period  from  1950  idien  all  branches  of  the  national 

economy  vere  developing  rapidly,  vas  a  very  important  one  in  the  development 
of  the  Hydrometeorological  Service.  The  increased  requirements  of  the  ex¬ 
panding  economy  made  another  reorganization  necessary  and  on  Ih  Rovesdier  1956 
the  Main  Administration  of  the  Hydrometeorological  Services  of  the  USSR  Tias 
establi8he4  goremment  decree.  By  this  decree,  the  administration  vas 
given  the  responsibility  for  the  overall  study  of  the  hydrometeorologicaJL 
conditions  of  the  USSR  and  for  providing  veather  service  for  the  national 
economy  and  defense.  The  favorable  conditions  created  for  the  administra¬ 
tion  resulted  in  its  rapid  development.  The  veather  service,  headed  by  the 
Central  Weather  Institute,  was  consolidated  and  programs  in  the  hydrometeoro¬ 
logical  service  for  agrlciilttire ,  civil  aviation,  rail  and  sea  transport,  and 
other  branches  of  the  national  economy  were  Initiated  and  gradually  expanded. 
Considerable  progress  vas  made  in  scientific  research  projects  and  in  the 
euamarlzation  and  publication  of  data  on  meteorological  conditions  in  the 
form  of  annual  reports,  handbooks,  atlases,  etc.  Among  these  are  included 
such  fundamental  vorks  as  the  Klirnaticheskiy  spravochni  k  SSSR 
(Climate  Handbook  of  the  USSR)  and  Vodnyy  kadaatr  SSSR  (Water  Register 
of  the  USSR), 

By  1941,  the  Hydrometeorological  Service  of  the  USSR  vas  a  huge 
and  well-organized  scientific  operational  establishment  comprising  29  local 
and  republic  administrations,  major  scientific  research  organizations,  ad¬ 
vanced  and  intermediate  hydrometeorological  schools,  plants  for  manufacturing 
hydrometeorological  instruments,  more  than  200  operating  divisions  of  the 
weather-forecasting  service  (weather  bureaus,  hydrometeorological  bureaus, 
aviation  meteorologies^,  stations),  and  more  than  60OO  hydrometeorological 
stations  and  precipitation  gage  posts. 

The  war  with  Germany  Interrupted  the  country’s  peacetime  progress, 
including  that  of  the  hydrometecrologlce^.  service.  During  World  War  II,  the 
hydrcneteorological  service  was  Incorporated  into  the  People's  Cosmd.88ariat 
of  Defense  and  its  swtlrlty  was  directed  chiefly  by  the  requirements  of  tt^ 
national  defense.  For  its  effectiveness  during  the  war  and  the  harstonlous 
relations  which  were  maintained  between  officers  and  civilians  throaghout 
this  period,  some  8OO  workers  in  the  hydrometeorological  service  received 
military  orders  and  medads. 

In  February  1946,  the  Central  AdministrAtion  of  the  Hydiumeteoro- 
logical  Service  of  the  Soviet  Arsiy  vus  once  again  organized  along  prewar  lines. 
The  work  of  adapting  the  hydrometeorological  service  to  the  needs  of  the  defense 
effort  during  the  war  smd  of  converting  it  back  into  an  organization  concerned 
with  peacetime  problems  was  done  under  the  direction  of  Ye.  K,  Fedorov. 
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The  chief  t&sk  in  the  early  poat-var  years  vas  the  reestabliBhinent  of  the 
hydr(»eteorological  scrvloes  destroyed  by  the  Geman  occupation  forces. 

In  a  short  tine^  scnoe  600  hydrooeteorologicaJL  stations  and  more  than  I50O 
precipitation  gage  posts  had  been  set  up  in  formerly  occupied  areas.  At 
the  game  time,  xMiv  posts  and  stations  were  established  or  increased  In 
nxES^r  in  areas  hitherto  poorly  represented.  The  distidbution  of  stations 
vas  made  in  accordance  with  scientific  principles  developed  by  the  Main 
Geophysical  Cbsevvatory,  the  State  Hydrological  Institute,  and  the  State 
Oceanographic  Institute,  and  vas  designed  to  prcyide  the  maximum  possible 
coordination  of  observations  on  meteorological,  hydrological,  aerological, 
and  agraaaeteoro logical  regimes. 

The  15-year  period  of  19k3  to  i960  vas  one  of  great  expansion. 
Some  6000  agrometeorologlcal  and  1293  hydrometeorological  stations  plus 
5600  precipitation  gage  posts  vere  added  to  the  national  netvork.  This  ex¬ 
pansion  vas  greatest  in  the  Asiatic  part  of  the  USSR,  where  the  number  of 
hydrometeorological  stations  incresised  88^  and  the  precipitation  gage  posts 
by  176jt,  In  the  country  as  a  vhole,  the  number  of  stations  observing  pre¬ 
cipitation  increased  three  times;  substirface  soil  temperature^  five  times; 
soil  moisture,  2,6  times;  run-off,  2,3  tlmesi  actinometric  conditions,  10 
times. 


Observations  of  evaporation  from  both  soil  and  water  surfaces  have 
greatly  expanded.  Run-off  and  bog  stations  have  been  organized  for  studying 
the  formation  of  run-off  aisd  specialized  hydrometeorological  observatories  and 
lake  stations  established  for  conducting  studies  of  the  hydrometeorological 
regime  of  the  large  reservoirs. 

The  growth  of  the  aerological  network,  especially  in  aviation 
weather  forecasting,  is  a  good  indication  of  the  expansion  of  specialized 
services  in  recent  years.  When  Lenin  signed  the  first  orgeuilzatlon  decree 
in  1921,  virtually  no  routine  aerologiced  observations  were  being  made,  By 
1923,  the  aerological  network  had  15  pilot-balloon(plbal)  stations,  two  air¬ 
craft  meteorograph  sounding  stations,  euid  several  kite -meteorograph  stations. 
In  1930#  the  nu^er  of  plbal  stations  had  increased  to  30  the  use  of 
radiosondes  had  been  initiated.  Since  then  the  use  of  balloon-sonde  emd  kite- 
MBtaorograjb  hae  greatly  diminshed.  By  19^1,  there  were  40  radiosonde  and  273 
pibal  stations  In  the  national  network,  and  ravin  observations  were  begun  In 

19^5. 


Soon  after  the  war,  the  developoent  of  aerosynoptlc  analysis  raised 
the  problem  of  significantly  jjncreaslng  the  nusber  of  Btations  making  tem¬ 
perature-wind  soundings.  It  was  decided  to  create  a  network  of  special  aero- 
logical  stations  fuHy  equipped  with  all  necessary  instruments,  including 
radar.  By  I96I,  14^0  major  aerological  stations  were  In  opex'atlon,  and  a  net¬ 
work  vas  being  organized  to  detect  thunderstorms  and  heavy  sho^rs  by  radar 
and  to  provide  aviation  etorm  warnings. 
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During  the  1950 ’s,  the  Introduction  of  loeteorologlcal  rockets  for 
the  study  of  the  stratosphere  opened  a  new  stage  In  aerologlcal  Investiga¬ 
tions,  The  development  of  high-speed  aircraft  made  It  necesst&ry  to  ln5>3:x)ve 
the  radiosonde:  and  rawinsonde.  Much  succers  was  achldred  in  raising  the 
celling  and  lii5)rQvlng  the  quality  of  observaiilons  of  radiosonde  and  by  now 
the  network  has  been  completely  reequipped  with  modem  instiruaents*  The 
“veteran"  ISolchanov  radiosonde  has  been  replaced  by  an  Instrument  which 
provides  semiautomatic  reception  of  data  and  allows  much  higher  operational 
ceilings.  From  1946  to  i960,  the  mean  radiosonde  celling  for  the  entire 
network  rose  from  9  km  to  22  km.  At  present,  additional  measures  are  being 
taken  to  expand  the  aerologlcal  network  and  to  equip  it  with  still  more 
modem  equipment. 

Expeditions  and  investigations  into  special  subject  areas  have 
greatly  Increased  in  recent  years.  So  far  more  than  500,000  km  of  the 
country's  rivers  have  been  explored  hydrographically.  Mwy  changes  have 
been  made  in  methods  of  aerial  reconnaissance  of  rivers  and  reservoirs 
(especially  in  late  winter).  In  methods  of  aerial  reconnaissance  of  ice  con¬ 
ditions  and  weather,  and  in  methods  of  taking  soundings  of  the  atmosphere  ^ 
Traverse  surveys  of  the  snow  cover  In  Soviet  Central  Asia  and  the  Caucasus 
Mountains  are  now  being  made ;  the  munber  of  expeditionary  Investigations  on 
seas  and  oceans  is  Increausing;  major  expeditionary  projects  are  being  con¬ 
ducted  in  the  lands  of  Kazakhstan  and  the  Altay;  and  microclimatic  and 
aerologieal  investigations  are  in  progress  in  Povolzh’ye,  Kazakhstan,  and 
other  parts  of  the  country.  The  hydroneteorologiceO.  service  has  been  placing 
great  emphasis  on  expeditionary  explorations  because  they  provide  the  necessary 
preliminary  info  mation  about  little -known  areas  of  land  and  water  in  a  short 
time. 


The  accumulation  of  huge  amounts  of  raw  observational  data  every  yeair 
makes  the  processing  and  jxibllcation  of  the  results  of  these  observations  one 
of  the  major  responsibilities  of  the  Hydrometeorological  Service,  At  present, 
more  than  5OOO  pages  on  the  hydrometeorological  regime  are  published  annually. 
Hundreds  of  millions  cf  cards  are  punched  for  processing  in  electronic  ana¬ 
lytical  ccaputers,  and  phitc-offset  printing  shops  have  been  establi.8hed  in 
the  branches  of  che  Service  in  order  to  speed  up  the  publication  of  hydro- 
metecrologlc&l  data.  In  addition,  basic  works  such  as.  i >rta.  t  i^hyrs  k i  y 

sp^uochni  h  linage  nandbuuk  uf  t3ie  "gBfiR)  in  g/  TOluBti)^  climatic 

descriptions  of  the  Par  Eastern,  and  other  parts  of  the  USSt,  mete- 

orolcglcal  handbo  atlases,  agryclimatic  handbooks  on  the  agriculturally 
most  ii^rtant  krays  and  oblasts,  and  annual,  hydrological  reports  are  being 
published.  At  pietierityA  IJp rauochn  ih  do  vodn urn  resu rsam  SSSP.  (Haj^^k  ^ 

^  the  Water  Resources  ea>d^  second  ^evi¥(^  edit! 4 

‘ -^^andhook  of  the  USSR  &re  being  compiled*  ^  " 

In  the  preparation  cf  pub..lcation6  on  regime  data  and  in  the  e:q>eu3> 
sios  of  the  mtvrxrk  cf  posts  and  stations,  the  republic  and  territorial  ad- 
ndniatratlone  of  the  Hydrometeorological  Service  and  their  hydrometeorological 
observatories  play  the  Aeclslve  role. 


SOUfiCS  j  Zolotukhin  ,  A.  A.  Forty  Year*  of  the  Soviet  HydroBotoorological  Service 

et  cetera 
Paragraph  I  & 

Page  U  paragraph  3  line  B  to  and  ahould  read  : 

In  addition,  basic  works  such  hsaiaMssackstx  as  climatic  descriptions 
of  the  European,  Par  Eastern  and  other  pertlsne  sf  the  USSR,aeteorological 
handbo<As,  atlases,  agroclimatic  har^books  on  the  agriculturally  most  ir^poitant 
krays  and  eblaste,  and  azmual  hydrolegical  reports  are  being  published.  In  addition, 
second  revised  editions  of  Spravpchnik  po  vodrgrm  restaeam  SS5R  (Handbook  on  the 
Water  Bescmrcee  of  the  USSR)  and  Klisatic^eskiy  spravochnik  3SSR  (Cliaatie/j^t 
CUmate^  Handboek  of  the  USSR  )  are  being  compiled. 


After  the  Second  World  War,  the  rapid  derslopnent  of  all  branches 
of  tiho  national  economy  made  greater  specialization  in  the  requirements  of 
each  branch  necessary,  for  instance,  at  all  airports  of  the  Clrll  Air  Fleet, 
arlation  meteorological  stations  have  been  set  up  to  serve  the  flights  directly. 

The  specific  requliroments  of  recently  developed  large  high-speed 
aircraft  have  prosqpted  baale  changes  in  the  meteorologiceLl  service.  The 
radiosonde  network  has  been  expanded;  the  number  of  observations  has  been 
increased  to  three  or  four  a  day;  instruments  and  procedures  for  measuring 
cloud  ceilings  and  visibility  have  been  improved;  a  radio-teletype  network 
has  been  established  for  the  rapid  transmission  of  meteorological  reports  and 
facsimiles  of  synoptic  maps;  and  the  forms  used  in  the  aviation  serviee  have 
been  changed.  Among  many  other  lagprovements  that  have  been  initiated  cure 
l)  the  special  efforts  idiich  have  been  made  to  provide  servlee  along  flight 
routes  and  to  investigate  flight  conditions  for  high-speed  aircraft  in  the 
troposjtore  and  the  lower  stratosidiere,  2)  the  creation  of  major  aviation 
centers,  and  3)  the  overall  inqarovement  of  comBunications  end  the  system  of 
collecting  and  distributing  meteorological  reports  and  information. 

For  serving  agricultiire,  special  hydrometeorological  buroaus  have 
been  organized  in  the  krays  and  oblasts;  for  serving  hydroelectric  pofwer  oper¬ 
ations  and  the  river  fleet  on  the  reservoirs  there  are  specialized  observatories; 
for  the  fishing  industry *8  ocean  ports,  spseial  operating  groups  have  been  set  up. 

The  growth  of  the  weather-foreeasting  servlee  can  be  iUostrated  by 
the  following  statistics.  In  19^ f  the  weather  and  hydxometeorologlcc^.  bureaus 
coBq)iled  a  total  of  130,000  24-hour  forecasts  and  special  weather  warnings, 

%rtiile  in  i960  the  nuaiber  reached  600,000.  The  nuadter  of  three-day  forecasts 
increased  from  6000  to  82,000.  The  five-  to  seven-day  forecasts  rose  from 
4000  to  26,000.  During  tiiii  period,  verification  of  weather  forecasts  and 
storm  or  special  weather  warnings  iaqtroved  scnmrwhat  but  not  enough  to  satisfy 
the  demands  of  the  national  economy.  This  is  especially  true  for  the  long- 
range  forecasts. 

During  the  last  10  to  12  years,  there  has  been  a  great  increase  in 
the  demand  for  agrometeorological  forecasts  and  data^  To  meet  this  demand, 
the  Central  Instlt’ite  of  Weather  Forecast  is  providing  34  weather  bureaus 
under  the  various  administrations  of  the  HydrOTeteorolo^cal  Service,  II6 
obljust  hydrometeorological  bureaus,  and  more  than  1000  agronsteorologlcal  and 
2300  hydrometeorological  stations.  Operative  organs  of  the  Service  system¬ 
atically  compile  ten-day  agromsteorologleal  buUetlns,  agromsteorological 
forecasts  of  agrlculttural  production  conditions,  reports  of  crop  growth  and 
development,  and  five-day  resumes  of  agricultural  production  coMltions. 

Special  agricultural  reports  are  iseued  during  periods  of  usasusdJ.y  favore^le 
or  uBfavorable  weather  conditions.  All  of  this  makes  it  pcwsible  for  f aimers 
to  taJm  the  necessary  protective  measures  against  adverse  weather  eondi'^icuui 
and  to  exploit  especially  facvorable  eonditio?iS  to  tbs  MMrtams  degree. 

Hydrometeorological  stations  are  now  serving  agriculture  in  a  great 
nuaiber  of  imys.  Besides  ctirrent  Isfonsmtion  on  the  weather,  local  kolkhoz  and 
sovkhoz  establishiaents  and  state  and  party  organs  axe  provided  with  longer 
range  weather  forecasts  (idiich  the  stations  receive  by  xn^o),  frost  warnings 
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(cooqpiXed  by  the  stations  theaselTes),  vemtber  Inforoatlon  for  the  present 
sad  prerloiis  24-hoar  periods  (teaq^rature  of  the  air  and  soll^  wind  data, 
precipitation,  hmddlty),  meteorological  and  agroueteorological  information 
for  the  ten  days  Just  ended  (air  and  soil  temperatores,  amoont  of  precipita¬ 
tion,  hmaldlty,  irlnd,  state  of  soil  surface,  depth  of  frost  penetration, 
depth  of  snow  cover,  phases  of  crop  developnent,  prodnctlve  moisture  in  the 
soil,  results  of  fr^t  and  vinter  crop  cultivation,  tei^rature  stons  from 
the  beginning  of  the  grovlng  period),  and  concise  agroclimatic  data  gathered 
from  t^  region  served  by  the  station* 

Services  to  agriculture  are  expanding  yearly,  and  special  services 
hove  been  organized  for  cotton  crops,  sheep  grasing,  cattle  grazing,  indus¬ 
trial  cro^m,  viniculture,  and  subtropical  cultures*  In  response  to  resolutions 
of  the  January  Plenum  of  the  Central  Coonlttee  of  the  Commjmist  Party,  the  Main 
Administration  of  the  Hydrometeorological  Service  has  developed  and  is  putting 
into  operation  additional  meastires  for  iiqgrarKhg  hydrometeorological  emd  agro- 
metecRTOlogical  services  to  agriculture,  especially  at  the  kolkhoz  'uid  sovkhoz 
Icrrels. 


Before  the  October  Revolution,  there  were  virtually  no  hydrologic 
forecasting  services*  Only  in  1922  did  the  Russian  Hydrologic  Institute  begin 
to  coaspile  forecasts  for  stream  water  levels  during  the  spring  hl^  waters  at 
msny  points  along  major  rivers  of  the  European  HSSR*  The  19P9*’1930  period, 
when  the  Unified  Hydrometeorological  Service  of  the  USSR  was  established,  is 
considered  the  Ixtglnning  of  the  present  hydrologic  forecasting  service  in  the 
1BSR.  A  Hydrologic  Forecast  Division,  which  was  organized  in  tte  ^^n^r  *£ 

Central  Weather  Bureau,  still  operates  in  the  Central  Institute  an^  in  rather 
bureaus  of  the  local  administrations*  ^ 

The  number  of  rivers  for  which  hydrologic  foreesists  are  issued  has 
increased  from  550  in  1946  to  830  in  i960,  and  the  number  of  forecasts  has 
reached  10,000  a  year.  For  short-range  forecasts,  the  number  of  streams  has 
increased  frcaa  219  in  1946  to  384  in  i960,  and  the  nuisber  of  forecasts  has 
reached  100,000  a  year.  At  present,  85  organs  of  the  Hydrometeorological 
Service  conduct  hydrologic  forecasts*  In  addition,  the  mnsber  of  hydrologic 
stations  has  increeised,  and  the  foreceusts  have  improved* 

Forecasts  of  the  volume  of  water  per  month  and  per  vegetation  period 
are  c«w  issued  for  irrigation  purposes  along  most  of  the  rivers  of  Soviet 
Central  Asia,  Kazakhstan,  and  the  Transcauceuros*  Forecasts  of  phenomena  hazard¬ 
ous  to  construction  operations  have  been  made  in  connection  with  the  resumption 
of  the  building  of  huge  hydroelectric  power  stations  on  the  Folga,  Kama,  Don, 
Dnepr,  Angara,  Ob', and  other  rivers*  Hydroli^c  forecasts  have  now  become  the 
primary  instrument  in  planning  the  generation  of  hydroelectric  power  at  hydro¬ 
electric  stations*  Hydrologic  forecasts  are  also  used  for  determining  the 
beginning  and  ending  of  the  navigation  season,  for  assuring  river  ship  navi¬ 
gation  safety  on  major  waterways,  and  for  preventing  floods* 
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Hydrologic  forecaats,  especially  long-range  forecasts,  do  not  always 
satisfy  present  needa  becaase  of  the  Inaecuuracy  of  the  forecasting  methods,. 
Scientists  in  the  Central  Institute  of  Forecast,  the  State  Hydrological  Insti¬ 
tute,  and  some  regional  scientific  research  Institutes  are  working  on  la^prove- 
nents* 

Marine  hydrometeorological  forecast  Is  the  most  recently  established 
serrice.  During  the  post-war  yeeurs,  it  has  dereloped  at  a  r^spld  pace.  Ho\f 
on  all  seas  of  the  US^,  the  merchant  marine  and  the  fishing  Industry  are 
supplied  with  dally  forecsists  on  sea  surface  conditions,  and  with  both  long- 
and  short-range  forecasts  on  ice  conditions.  In  the  chief  Industrial  regions, 
long-  and  short-range  forecasts  are  made  of  surface  water  temperatures.  The 
problem  of  serving  the  winter  fleet  and  the  fishing  Industry  with  Infozim&tlon 
on  current  marine  Ice  conditions.  Including  conditions  In  extensive  areas  of 
the  Sea  of  Okhotsk  and  the  Barents  S  ea ,  has  been  successfully  solved. 

The  previous  concentration  of  hydrometeorological  establishments  In 
Leningrad  and  Moscow  has  been  corrected  over  the  past  ten  years  with  the 
establishment  of  five  regional  conqplex  hydrometeorological  scientific  research 
institutes  at  Tladlvostok,  Alma-Ata,  Tashkent,  Tbilisi,  and  Klyev.  The 
Scientific  Research  Institute  of  AerocUmatology  and  Its  branch  at  Novosibirsk 
and  the  Scientific  Research  Institute  of  Hydrometeorological  Instrumentation 
have  slLso  been  established. 

The  coBQUter  and  electronic  techniques  iddch  are  new  available  to 
the  Hydrometeorologleal  Service  will  be  Instrumental  In  accelerating  the 
solution  of  forecasting  and  other  Important  and  difficult  aclentlfie  problems. 
Aerologlcal  Investigations,  climatic  and  aerocUmatic  works,  and  investiga¬ 
tions  In  the  field  cf  hydrologic  forecasts  are  being  conducted  on  a  broad 
front.  The  Hydrometeorological  Service's  expeditionary  fleet  for  hydrologic 
studies  of  oceans,  seas,  and  estuaries  of  major  rivers  has  been  greatly  ex¬ 
panded,  and  notable  ptrogress  has  been  made.  Much  has  been  accomplished, 
especially  by  the  Scientific  Reseeirch  Institute  of  Hydrometeorological  Instru¬ 
mentation,  In  creating  new  Improved  hydrometeorologleal  instruments  for  the 
proper  outfitting  of  meteorolr'glcal  stations  and  research  operations. 

The  follcwlng  are  some  of  the  scientists  In  aiddltlon  to  those  already 
mentioned  who  have  contributed  to  tbe  development  of  the  Hydrometeorological 
Service:  E,  P.  Alisov,  Ye.  N.  Bllnorva,  M,  I,  Budyko,  V.  A,  Bugayev,  0,  la. 
Vangengeym,  7.  A.  Dzhordzhlo,  B.  L.  Dzerdzeyevskly,  0.  A.  Drozdov,  H«  H. 

Kalltln,  I.  A.  Kllbel',  I,  Ye.  Kbchln,  7.  R.  Obolenskly,  S.  T.  Fa^pava,  Eh.  P. 
Pogosyan,  P.  N.  Tverskoy,  A,  A,  Fx'ldman,  8.  P,  Klu'Qmov,  B.  A,  ApoUov,  Ye.  7, 
Bllsnyak,  M.  A.  7ellkanov,  D.  I.  Koeherln,  A.  7.  Oglyevskly,  D,  L.  Sokolovskiy, 

1.  N.  2^a>ov,  L.  F.  Rudorlts,  Yu.  M.  Shokal'skly,  7.  7.  Sbuleykln,  L.  V.  Babushkin, 
R.  1.  David,  F.  F.  Davltaya,  P.  I.  Koloskov,  S.  A.  Sapozhnlkova,  and  S.  T. 
Selyanlnov. 


The  education  and  raising  of  the  skill  level  of  specialists  and  their 
proper  placement  have  been  and  continue  to  be  a  prime  consideration  in  the  w^rk 
of  the  Service, 
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Doriiig  the  reTolutiowupy  and  tl»  early  Sorlet  periods,  scientific 
Instlttations  did  not  offer  speciallxed  cojireea  in  hydrcaneteorological  suh- 
Jeets,  Specleddstfi  In  the  Eydroneteorologlcal  Service  at  that  time  obtaijoed 
their  edacatlon  In  related  flelda;  for  eAcawple,  aieteorologlsts  were  geography 
■ajors,  and  hydrologists  were  iBa4or&  .in  c>'.^i2iismication8  and  hydrotechnlcsl 
engineering.  In  1950,  the  Moiccr^?  (new  the  Leningrad)  Hydrometeorological 
Institute  and  the  Vladivostok,  Moscow,  and  Rostov  hydrometeorological  techni¬ 
cal  schools  were  organised  for  prep«s*ing  cadres  of  qualified  meteorologists, 
hydn^logists,  ocean^raplu^rs,  and  agricultural  meteoi'ologists  at  both  ad- 
vnneed  and  intermediate  levels  for  the  rapidly  developing  Hydrometeorological 
Service.  Later  on,  the  Khar’kov  (now  the  Odessa)  Hydrometeorological  Institute 
and  a  nuaher  of  technical  schools  were  os^anized  for  thr  same  purpose,  so  that 
by  1941  over  1000  persons  had  acquired  advanced  levels  and  more  -Uian  2000 
intermediate  skill  leveiLs.  In  addition,  the  program  of  prafurlng  cadres  hag 
been  broadei^d  in  the  state  universities,  and  correspondence  courses  are  being 
taken  by  1^500  of  the  hydrometeorological  Service’s  personnel  —  of  them 

from  more  advanced  scientific  institutions.  Msny  of  the  rank  and  file  of  the 
Service,  chiefly  observers,  are  raising  their  skill  levels  in  hydrometeorologi¬ 
cal  schools  aid  other  institutions.  Ten  to  twelve  percent  of  all  the  workers 
in  the  Hydrometeorological  Seinrice  axmually  attend  these  schools. 
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SUBJECT:  AID  Work  A«Bignment  No«  32!  (National  Weathes’  Service, 
USSR)#  Report  1.  Paragrapih  a 

SOURCE:  Belouaov,  V.  M. ,  and  S.  M,  Sadovakly,  The  neceaeity 

for  correct  evaluation  of  meteorological  conditions. 
Vestnik  vozdushnogo  flota#  no.  12,  I960,  45-46, 


It  was  pointed  out  that  listening  to  meteorological 
forecasts  before  takeoff  is  not  enough.  ‘Bie  pilot  himself 
ar-ist  be  able  to  evaluate  weather  conditions  on  the  basis  of 
data  supplied  by  the  meteorological  service#  correctly  deter¬ 
mine  flying  conditions  at  different  altitudes,  and  skillfully 
apply  this  information  to  the  successful  completion  of  his 
assignment. 

To  insure  meteorologically  safe  flying  conditions, 
surface  weather  maps  (synoptic,  operational,  and  special  large- 
scale  detailed  aviation  maps)  are  now  supplemented  by  Iso- 
barlc  surface  maps  indicating  the  distribution  of  weather  ele¬ 
ments  to  considerable  helg^its,  altitudinal  tropopause  maps, 
maps  showing  maximu.m  wind  velocity  by  individual  atmospheric 
layers,  vertical  cross  section  maps,  and  other  supporting 
material. 


A  study  of  meteorological  conditions  usually  begins 
with  analysis  of  synoptic,  operations},  and  large-scale  avi¬ 
ation  maps.  With  these  tools  it  is  always  possible  to  deter¬ 
mine  actual  weather  conditions  for  any  point  or  any  region 
along  the  route  at  any  particular  moment  and  to  anticipate 
expected  changes  in  the  weather  by  determining  the  nature 
and  behavior  of  air  masses,  pressure  systems,  frontal  bound¬ 
aries,  and  related  phenomena. 

The  analysis  of  stirface  weather  maps,  however,  pro¬ 
vides  only  a  partial  picture  of  prevailing  weather  conditions. 

To  obtain  a  complete  picture  of  the  lower  atmospheric  layer, 
these  maps  must  be  supplemented  by  aviationsl  and  radar 
weather-reconnaissance  data. 

However,  predictions  of  flying  conditions  at  great 
altitudes  cannot  be  based  on  these  data  alone.  Without  know¬ 
ing  the  altitude  temperature  dlatrlbutlon  and  the  speed  of 
flight,  it  is  Impossible  to  determine  In  advance  at  what  al¬ 
titudes  icing  will  occur;  without  altitudinal  data  on  the 
direction  and  velocity  of  the  wind.  It  is  difficult  to  correct¬ 
ly  diagnose  Jet  streams  and  turbulence  which  may  prevail  at 
certain  altitudes. 

All  this  additional  information  may  be  obtained  by 
the  ooimaanding  efficer  and  flight  crew  by  analysis  of  altitudinal. 


aerological,  «n<l  particularly  oroaa  »®ction  maps,  which  wh®h 
uaed  in  combination  the  information  gainad  from  aur- 

faca  and  altitudinal  maps,  weather  reconnaiasance,  and  synoptic 
and  serological  material  of  the  meteorological  service. 

A  thorough  study  by  commanding  officers  and  flight 
crews  of  prevailing  meteorological  conditions,  coupled  with 
the  continuous  visual  and  instrumental  evaluation  of  weather 
conditions  during  flight,  make  it  possible  to  arrive  at  cor¬ 
rect  decisions  and  to  eliminate  fll^t  accidents  and  the  factors 
contributing  to  them. 


i 
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AID  Work  .Aaslgasent  No.  32  (Katloual  W^atheL-  S6r/ic«,  USSB), 

Report  1.  R&rftgrapli  a 

From  tho  obituary  of  Geer,  '.  y  Yarw-lc/icb  Vaurca-o^ii.  Meteorologt^a 
1  gldrologlyp.,  no.  12,  lOfl, 

Th®  close  cooperation  bttveon  civil  ai  jeilitary  persorasel  In 
*  meteorological  operations  is  von  illustrated  by  tlio  career  of  G.  *fa.  Verxgangeyse, 
M  19  August  1961.  Daring  the  siege  of  IjO'- I  y  rad,  Varjgeage:,':^,  vho 

j  developed  the  ascroeirculatlon  oathod  of  long-rc^gv?  vy-^ror-cti:  c;  1  foxv- 

«  casting,  was  head  of  a  scientific  and  operational  gro’ip  ir  -..ho  "  Bydrologiiiia 
p  Institute,  \diich  serviced  the  operations  of  the  Leningrad  and  Northwestern 
m  fronts.  later,  he  was  a  professor  at  the  Mlitary  Hydivsgeteorologlcal  Institute 
j  aad  also  w«5rked  in  the  Main  Aviation  Met*5orolog!.ca.l  of  tho  Air  Pores. 

J  Prom  19^5  until  rocuatly,  Vangeixseyt-i  was  a  profe^,i^i-.i‘  at  tlxc  leiA-  tmcrit  cT 
1  Hydrcsoeteorology  of  the  Air  Force  Engineering  ixacal  A.  F.  Mc^shayskty. 

g  During  this  time,  he  also  worked  la  the  Arctic  nni  Antarctic  Baientlflc  Research 
4  Tnstittte  as  the  head  of  the  section  oa  long-range  vvf^ther  forecasting. 
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SUBJECT;  AID  Work  Assignment  No.  32  (National  Weather  Service, 
USSR),  Report  1.  Paragraph  d 

SOURCE:  Khrabrov,  Yu,  B.  Metodlka  sostavlenlya  prognozov 

pogody  na  3-7  dney  (Methods  of  compiling  3-7-ciay 
weather  forecasts).  Moskva,  Qldrometeoizdat ,  1959# 
l8l  p. 


An  extensive  exposition  is  presented  of  the  methods 
aiid  techniques  of  3-7-day  forecasting  based  on  the  analysis  of 
synoptic  processes  In  the  upper  planetary  frontal  zones  during 
natural  synoptic  periods.  Recommendations  are  made  for  weather 
forecasting  by  trajectories  of  cyclones  and  anticyclones  In 
various  upper  plsjietary  frontal  zones , 

The  author  states  that  reliable  long-range  weather 
forecasting  Is  a  prerequisite  for  agrometeorologlcal ,  marine, 
and  river-ice  forecasting,  etc.  Weather  forecasts  for  3-7 
days  can  be  of  decisive  Importance  for  numerous  branches  of  the 
national  economy.  A  few  illustrations  will  serve  to  demonstrate 
this.  A  timely  prediction  of  ice  formation  will  prevent  damage 
to  the  small  wooden  fishing  vessels  commonly  used  by  the  fish¬ 
ing  trade  in  the  Northan  Caspian.  Hydromete  'ologlcal  services 
are  equally  Important  to  those  engaged  In  vaL.^e  livestock  breed¬ 
ing,  The  great  losses  sustained  as  a  result  of  bad  <»;eather 
can  be  avoided  if  early  warnings  are  given .  Of  great  Importance 
also  is  the  frost-forecasting  service.  This  is  particularly 
true  for  the  southern  cotton  and  citrus  regions.  Great  sums  of 
money  can  be  saved  If  accurate  predictions  of  the  onset  of  frost 
are  made^ 


The  use  of  long-range  forecasting  has  thus  far  not 
proved  overly  useful  to  the  national  economy .  The  main  reason 
for  this  has  been  the  unreliability  of  the  3-7-day  forecasts. 
Therefore,  the  basic  task  for  research  In  this  field  should  be 
to  increase  the  reliability  of  long-range  fc  ii-castlng.  Since 
1946  the  Hydrometeorological  Service  of  the  USSR  has  been  using 
the  same  synoptic  methods  for  compiling  3-7-day  forecasts. 

These  methods  are  now  rather  obsolete.  It  should  be  kept  In 
mind,  however,  that  the  physical  principles  of  the  synoptic 
method  of  long-range  weather  forecasting  have  not  yet  been  suf¬ 
ficiently  defined. 

In  1956-1957,  the  author  undertook  the  task  of  de¬ 
vising  new  methods  of  3-7-day  forecasting.  For  this  purpose, 
he  utilized  the  basic  findings  of  B.  P.  Mul 'tanovskly  and  his 
students;  also  taking  Into  consideration  the  recent  progress 
made  In  synoptic  and  dynamic  meteorology.  Mul ‘tanovskly  origi¬ 
nated  the  method  of  raacrosynoptlc  analysis.  He  broke  down  the 
chaotic  interlacing  of  the  trajectories  of  cyclones  and  amti- 
cyclones  into  constituent  parts  In  the  fom  of  defined  clusters 
of  antlcyclonlc  trajectories  and  connected  regions  of  cyclonic 
activity,  Mul '.tanovskly ‘s  fundamental  hypothesis,  on  which  the 


m&crosynoptlc  method  of  long-range  forecasting  is  based.  Is 
that  Europe's  weather  is  a  reflex  of  centers  of  action  of  the 
atmosphere.  Lacking  sufficient  meteorological  data  on  the  at¬ 
mospheric  action  centers  in  the  Arctic  and  Azores  regions, 
Multanovskly  had  to  Judge  the  state  of  those  centers  by  the  di¬ 
rection  of  shifting  and  the  frequency  of  Intrusion  Into  E'lrope 
of  antlcylonlc  baric  formations,  which  developed  In  the  regions 
of  the  above-mentioned  action  centers . 

Analysis  of  the  possibilities  In  forecasting  the 
evolution  of  processes  during  synoptic  periods  leads  to  the 
following  conclusions.  The  techniques  of  compiling  weather 
fox*ecasts  sevei^al  days  In  advance  can  be  divided  into  two 
stages.  The  first  stage  consists  In  the  prediction  of  the  type 
,of  synoptic  processes  and  of  their  evolution  during  the  time 
period  for  which  the  forecast  Is  compiled.  This  Includes  the 
forecast  of  the  general  character  of  the  evolution  of  the  syn¬ 
optic  processes,  as  well  ais  the  prediction  of  the  trajectories 
and  shift  velocities  of  the  ooncrete  baric  formations.  It  Is 
particularly  Important  to  foresee  correctly  the  trajectories 
of  those  baric  formations  which  have  an  immediate  effect  on 
the  weather  of  a  given  region.  The  second  stage  comprises  the 
compilation  of  the  weather  forecast  Itself,  i.e.,  compilation 
of  the  foreseeable  values  of  meteorological  elements  and  their 
changes  in  time. 

The  position  of  the  upper  planetary  frontal  zones  is 
the  most  Important  characteristic  feature  of  circulation  in  the 
middle  latitudes  and  reflects  the  basic  features  of  the  synoptic 
process  (regions  of  the  most  significant  advectlon  of  heat  and 
cold{,  basic  regions  of  cyclogenesis  and  antlcyclogenesls ) .  In 
studying  the  evolution  of  the  upper  planetary  frontal  zones,  we 
can  learn  the  position  of  the  basic  altitudinal  baric  formations 
and  their  shifts,  the  degree  of  zonal  or  meridional  trend  of 
synoptic  processes,  the  number  of  long  waves  within  the  limits 
of  the  northern  hemisphere,  and  other  factors  important  for  the 
state  of  circulation , 

The  present  monogr^^h  unites  the  reports  made  by  the 
author  on  the  first  phais©  of  the  development  of  methods  for  the 
analysis  and  prognosis  of  the  general  character  of  macroscopic 
processes  for  3-7-day  periods. 
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The  good  relations  between  German  and  Austrian  meteo¬ 
rology  and  Russian  meteorology  are  part  of  a  tradition  which 
began  a  centui*y  ago,  when  Alexander  von  Humboldt  gave  his  val¬ 
uable  and  effective  support  to  the  establishment  of  the  Central 
Physical  Observatory  In  St.  Petersburg  and  in  so  doing  laid 
the  foundation  for  climatological  research  In  Russia.  The  ac¬ 
tivity  of  Kaemtz  began  In  Germany  and  terminated  In  Russia.  The 
young  Wladlmlr  KSppen  went  from  St.  Petersburg  to  the  German 
Naval  Observatory.  Our  great  [A.iJ  Voyeykov,  a  student  of  Dove, 
actively  contributed  to  the  Meteorolog ische  Ze i tschrift  and 
other  German  professional  Journals,  One  of  his  most  Important 
works,  "uber  die  atmospharlsche  Zlrkuiatlon, "  was  published  In 
Petermanns  Mitte  i  lungen.  His  work.  The  Climate$i  of  the  Earthy 
published  In  Russian  In  1884,  was  translated  Into  German  by  l887. 
The  famous  names  of  Sprung,  Hann,  Assmann,  Margules,  Hergesell, 
both  Pepplers,  Exner,  Llnke,  SiSrlng,  Wegener,  Welckmann,  Schmauss 
Stilve,  and  the  old  master.  Picker,  are  remembered  by  all  of  us. 
Many  others  were  also  well  known  to  the  Russian  and  Soviet  meteo¬ 
rologists. 


Soviet  colleagues  of  ray  generation  and  I  were  Intro¬ 
duced  to  the  unknown  and  attractive  realm  of  meteorology  through 
textbooks  written  by  Hann  and  Svirlng,  Exner,  Pemtner,  K6'ppen, 
Defant,  Geiger,  and  other  German  authors.  On  the  other  hand, 
our  German  colleagues  were  well  acquainted  not  only  with  Voyey¬ 
kov,  but  also  with  Brounov,  [A.V. ]  Klossovskly,  Sreznevskiy, 
[B.I.]  Kaminskiy,  [Ye.S. j  Rubinshteyn,  Molchanov,  Tlkhanovskly, 
and  Kochln,  The  contributions  of  Russian  meteorologists  often 
appeared  In  the  Meteoro log ische  Ze i tschrift ,  an  excellent  pro¬ 
fessional  Journal  whose  name  will  endure  In  the  history  of  me¬ 
teorology. 


Unfortunately,  the  adverse  political  events  of  the 
1930’s,  and  more  Importantly  the  Ill-omened  war,  destroyed  this 
fruitful  cooperation.  At  present,  we  are  reestablishing  these 
relations.  During  the  years  of  separation,  scientific  research 
In  both  countries  developed  Independently,  although  the  sci¬ 
entists  of  both  countries  set  for  themselves  similar  tasks  and 
arrived  at  similar  or  complementary  results. 

Obviously,  it  is  Impossible  to  give  In  a  short  lec¬ 
ture  even  a  superficial  review  of  all  stages  In  the  develop¬ 
ment  of  Soviet  meteorology  In  recent  times.  We  must  be  content, 
therefore,  with  an  outline  which  includes  only  the  development 


of  Soviet  cllctatology . 


Soviet  cllmatologlsta  during  tha  last  three  to  four 
decades  have  been  confronted  with  two  basic  tasks; 

1)  to  make  a  comprehensive  description  of  the  climate 
of  their  huge  country;  and 

2)  to  lay  a  better  theoretical  groundwork  for  the 
fundamentals  of  climatology. 

Climatological  research  in  our  country,  even  in  old 
Russia,  has  always  been  on  a  high  level.  During  the  last  three 
decades,  the  basis  for  climatographic  investigations  in  the 
Soviet  Union  undei’went  considerable  expansion.  The  meteorological 
network  became  much  denser,  even  In  distant  regions  such  as  the 
Arctic. 


A  large  network  of  radiosonde  statlone  was  developed, 
which  made  it  possible  to  begin  research  on  problems  of  the 
climatology  of  the  free  atmosphere.  Recently,  certain  possi¬ 
bilities  have  been  created  for  the  mechanical  processing  of  ob¬ 
servations,  These  technical  preconditions  have  made  it  possible 
to  compile  an  extensive  monograph  concerning  air  temperature,  air 
pressure,  distribution  of  wind,  and  precipitation  in  the  Soviet 
Union.  Ye.  S.  Rubinshteyn,  A.  A,  Kaminskiy,  and  0,  A.  Drozdov 
collaborated  on  this  monograph. 

This  work  may  be  regarded  as  an  extensive  preparation 
for  the  new  monumental  atlas  of  climates  of  the  Soviet  Union, 
which  is  being  prepared  for  publication  in  the  Central  Geophysi¬ 
cal  Observatory.  Soviet  meteorologists  have  published  a  series 
of  works  in  which  the  problems  of  climatological  mapping  of  the 
Soviet  Union  and  of  the  whole  earth  were  partially  solved.  The 
extensive  map  series  in  the  .Large  :'^ovi€t  Atlas  and  in  tne  second 
voluTTif*  of  the  Atlas  of  S'<?a  may  be  listed  here.  Also  compiled 
were  c.'  ^'ral  special  atla?*tj,  cextoouRa  ilmai,oxogy  and  cli¬ 
mate  descriptions  for  separate  regions  of  the  country,  to  be  used 
primarily  in  agricultural  meteorology,  and  several  maps  showing 
altitudinal  wind  distribution.  At  present,  a  broader  climatolog¬ 
ical  processing  of  aerologleal  observations  Is  being  completed. 
Numerous  observations  at  our  Arctic  stations  furnished  the  basic 
material  for  various  climatological  studies  of  this  region. 

The  book  by  Fedorov  and  Baranov,  The  Cl (mate  of  the 
Plains  of  the  European  Soviet  Union  Represented  According  to 
leather  Types,  was  published  in  19^9.  In  this  book,  the  descrip¬ 
tion  of  climate  was  made  by  means  of  Fedorov's  coraplex-cllmatolog- 
Ical  method.  At  about  the  same  time,  B,  P„  Alissov's  study  of 
the  climates  of  the  Soviet  Union  and  his  book  on  the  climates  of 
the  earth  were  published.  The  latter  has  been  translated  into 
German . 


Such  large  climatographic  works  have  naturally  stimu¬ 
lated  efforts  to  davlse  new  statistical  methods  for  climatological 
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purposes  or  to  Improve  existing  methoda.  As  a  result,  a  num¬ 
ber  of  complet*^!  works  deal  with  the  application  of  mathematical 
statistics  to  climatolo^,  particularly  wi'-h  the  reduction  of 
series,  and  with  the  interpolation,  field  itinicture,  and  ration¬ 
alization  of  grids.  Those  mainly  responsible  for  work  on  these 
problems  were  Kaminskiy,  Kuznetsov,  Drozdov,  and  others.  In  ad¬ 
dition,  the  probability  and  frequency  of  various  threshold  values 
of  meteorological  element?  were  studied  very  precisely.  The 
aforementioned  Fedorov  method  of  complex  climatology  is  alsc  in¬ 
cluded  here.  Equally  great  attention  was  given  to  the  develop¬ 
ment  of  methods  of  microclimatic  research. 

Soviet  publication?  dealing  with  the  subdivision  of 
climatic  regions  and  with  the  classification  of  climates  were 
unfortunately  not  given  sufficient  coverage  In  the  well-known 
monograph  by  Knoeh  and  Schulze. 

In  the  late  Voznessenskly ^^ciasslfied  the  cli¬ 

mates  of  the  Soviet  Union  on  ^^he  basis  of  Koppen's  general  clas¬ 
sification,  but  with  es?ential  corrections.  At  the  same  time, 

L.  S,  Borg  divided  the  continent  into  climatic  zones.  Berg 
based  his  classification  on  the  approximate  coincidence  of  land¬ 
scape  belts  with  the  climatic  zones.  This  subdivision  has  many 
points  In  common  with  the  well-known  classification  of  KSppen. 
and  actually  supports  the  latter  against  the  critics  of  the  for¬ 
malistic  sehocO 


At  the  end  of  the  1930'?,  E„  P„  Aliasov  published  his 
genetic  classification  of  ’limates,  based  on  the  mean  annual 
position  of  climatic  front?,.  This  rlasslflcatlon  became  known 
in  Germany  through  the  *“ran?lation  of  Aiissov's  books. 

Fecently,  Ali-5ov  estabiirhel  a  detailed  climatic  clas¬ 
sification  for  our  entir?  ount'y  which  was  published  In  his 
new  book  The  Clima'es  of  the  Soviet  Union  „  Ihe  characteristics 
of  radiation  baian^’e  and  irrulatlcn  were  used  as  the  basis  for 
the  classification.  An  -v^'n  more  dftailel  classification  is 
based  on  the  dix'ferences  of  soli  and  \eg“tatlon  cover.  At  ap¬ 
proximately  the  same  time.  •.  T  -Pelyantnov  published  another 
classification  of  liaat#--  of  the  Union.  As  a  criterion 

for  the  subdlvi’lcn.  7'jm  to^  al  of  empe nature s  during  the 

vegetation  period,  supp'. el  by  •  ome  other  characteristics, 
were  used,  euMivi-iorj  of  zof?e?»  lr>to  clim«tlc  regions  was 

based  on  humidity  'ypea  wM:h  were  le'^rmined  according  to  the 
well-known  Selyanloov  hunildl*:y  la 'tor,,  in  correlation  with  the 
annual  variation  of  the  precipltatl on.  Finally,  In  subdividing 
the  regions  into  cllmatl''  province?  consideration  was  given  to 
the  degree  of  continental! ty  a-?  it  l"»  based  on  various  charac¬ 
teristics,  but  particularly  on  the  thermal  conditions  In  winter. 

Other  i*tudies  on  the  con!  Inentall  ty  of  the  climate  were 


also  taken  Into  consideration.  Four  years  ago.  Interest  In  this 
problem  was  again  stimulated  by  a  certain  work  of  Ivanov,  in 
which  a  simple  method  for  establishing  the  characteristics  of 
the  oontlnentallty  of  climate  was  presented.  This  method  is 
based  on  the  difference  between  two  annual  amplitudes  of  air 
temperature,  namely,  the  mean  annual  teraperatur'^  fluctuations 
over  the  entire  parallel  of  latitude  and  its  »cnual  fluctu¬ 
ations  in  a  given  point.  The  method  has  the  advantage  of  being 
simple;  moreover  it  makes  it  possible  to  establish  a  sufficient 
number  of  fine  details  even  for  small  regions.  However,  it  is 
not  completely  adequate  and  tends  to  be  too  formalistic  to  permit 
the  determination  at  contlnentaiity  on  a  worldwide  scale. 

For  this  reason,  I  recently  undertook  to  improve  the 
well-known  Qorczynskl  factor.  As  a  basis  I  used  the  so-called 
"purely  oceanic  temperature”  for  each  separate  latitude,  which 
was  calculated  according  to  the  amplitude  value  in  the  middle 
of  the  southern  Pacific  Ocean,  By  this  method,  it  is  possible 
to  determine  the  extent  of  the  continental  Influence  upon  the 
climate  of  the  continents,  and  upon  that  of  the  oceans,  I  have 
sketched  the  world  map  of  this  contlnentaiity.  Prom  this  I  con¬ 
cluded  that  even  a  markedly  marine  climate  on  a  continent  is 
subject  to  continental  Influences  which  more  than  compensate  for 
the  marine  Influence, 

This  problem  was  treated  entirely  differently  by 
Polosova,  a  student  of  Rubinshteyn,  She  proposes  to  characterize 
the  oontlnentallty  separately  for  summer  and  for  winter,  by  com¬ 
paring  the  temperature  anomalies  with  the  extreme  anomalies  for 
the  entire  parallel  of  latitude. 

This  work,  by  the  way,  is  based  on  the  new  map  of 
thermal  isoanoraalles .  compiled  by  Rubinshteyn,  By  means  of  this 
mao,  Rubinshteyn  --  following  •  has  ispreved  the  tem- 

~eratu*e  values  for  latltud-;  parallels,  hemispheres,  and  the 
whole  earth. 

Concerning  the  question  of  individual  elements  tram 
which  climates  are  composed,  we  proceed  from  the  basic  assump¬ 
tion  that  the  formation  of  clioiate  Is  the  result  of  the  three 
great  geophysical  processes”  1)  the  radiation  and  heat  balance 
of  the  atmosphere;  2)  the  gen-ral  air  circulation;  and  3)  the 
water  circulation  between  the  atmosphere  and  the  earth's  sur¬ 
face  (hydrological  cycle).  All  three  processes  are  reciprocally 
and  closely  connected  with  one  another.  However,  it  may  be  as¬ 
sumed  that  the  formation  of  climate  is  most  directly  Influenced 
by  the  atmospheric  circulation.  On  this  basis,  we  can  character¬ 
ize  the  entire  complex  of  cllmatogenetlc  processes  simply,  dis¬ 
tinctly,  and  unmistakably.  In  any  case,  the  air  circulation, 
recognized  as  the  most  Important  factor  by  Voyeykov,  Hann,  Koppen, 
and  Hettner,  takes  a  preeminent  pjace  in  research  on  the  for¬ 
mation  of  climate. 
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Further,  otudlea  were  undertaken  from  the  simplest 
viewpoint  of  dynawlc  cllaAtoloCT^-as  represented,  for,  example, 
by  the  “ixiftk^rperklliaatologle^  (climatology  of  air  fe#d4;e8)  of 
Llnke,  However,  these  studies  went  aomewhat  beyond  Linke’s  ap» 
proBch.  Purlng  the  1930 '»  and  1940 's,  several  works  were  pub¬ 
lished,  which  appeared  to  be  sufficiently  different  in  respect 
to  methods  and  the  formulation  of  problems,  but  which  shared 
the  same  dynamoclimatologic  approach*  The  first  to  be  mention¬ 
ed  here  is  the  study  of  the  types  of  synoptic  processes  and 
their  changes.  This  study  was  Intended  as  a  basis  for  the  expla¬ 
nation  of  climatic  conditions.  Our  descx’lptlons  of  climate  have 
always  been  based  on  circulation  characteristics  as  they  relate 
to  climatic  phenomena.  Further,  we  may  mention  works  whose  ob¬ 
ject  has  bean  the  study  of  phenomena  resulting  from  circulation, 
e.g,,  drought,  dry  winds  (sukhovel),  severe  cold  and  violent  winds, 
sleet,  etc. 

Several  larger  works  have  also  been  published.  These 
deal  with  the  study  of  the  climatology  of  circaiatlon  processes. 

We  mention  here  the  study  of  the  circulation  types  for  larger 
spaces  of  the  northern  hemisphere,  published  by  Ljyr  in  the  1930*s, 
Then  follow  the  works  of  Wagenhelm,  who  considered  the  atatls- 
tjeal  control  of  the  three  main  types  of  circulation  as  the  basis 
for  the  determination  of  types.  Finally,  Dzerdzsyevskiy  classi¬ 
fied  the  circulation  types  over  the  entire  northern  hemisphere 
through  a  systematic  processing  of  map  materials  collected  over 
many  years,  and  Investigated  the  regularities  in  the  changes  of 
those  circulation  types.  I  may  finally  mention  my  own  works  on 
the  distribution  of  climatic  fronts  and  monsoons,  as  well  as  the 
works  of  Kh,  P.  Pogosyan,  which  analyze  the  position  of  frontal 
zones  in  the  free  atmosphere. 

In  the  final  analysis,  almost  all  of  these  works  are 
but  preliminary  studies  on  the  main  problem  of  lorig-rsinge  fore¬ 
casting.  On  the  other  hand,  the  studies  made  at  the  same  time 
by  our  synoptic  climatologists  according  to  the  Multanovskiy 
method,  are  also  of  climatological  importance. 

Alissov,  in  his  genetic  classification  of  climates 
on  the  basis  of  circulation,  gave  us  a  simple  and  clear  system 
which,  among  other  things,  agrees  perfectly  with  Flohn's 
system  developed  at  about  the  same  time.  Earlier,  Alissov  had 
also  developed  a  method  for  characterizing  climates  by  weather 
situations  in  a  given  region.  He  distinguished  frontal,  con¬ 
vective,  transformatory,  and  other  weather  situations. 

Concerning  the  study  of  radiation  and  heat  balance, 

Soviet  climatologists  proceeded  along  the  same  path  as  the 
German  climatologists,  vlhc^  wctks  in  this  research  sector.  In¬ 
cluding  the  classical  study  by  Baur  and  Philipps,  were  well 
regarded  by  Soviet  specialists.  In  1946,  under  the  direction 
of  M,  I.  Budyko,  the  climatologists  began  systematic  research 
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on  these  problems.  Some  important  results  were  achieved,  which 
have  appeared  in  several  publications.  These  include  the  re¬ 
cently  published  monograph  by  Budyko,  and  the  Atlas  of  the  Heat 
Balance* 


Methods  were  systcmacijsed  and  elaborated  for  calcu¬ 
lating  those  components  in  the  heat  balance,  which  are  either 
inaccessible  for  direct  observations,  or  have  not  yet  been  de- 
temlned  by  observation.  Large  series  of  maps  were  drawn  up, 
which  cover  the  European  part  of  the  Soviet  Union,  the  entire 
Soviet  state,  the  Northern  hemisphere,  and  finally,  the  entire 
earth.  These  maps  contain  several  new  results  and  corrections, 
as  compared  with  earlier  drafts.  Thus,  for  the  first  time  it 
was  possible  to  calculate  the  amount  of  heat  being  transported 
in  the  atmosphere  and  in  the  oceans  from  lower  latitudes  to 
higher  latitudes.  In  any  case,  it  is  now  possible  to  see  the 
radiation  and  heat  oowponentn  represented  on  the  maps.  Just  as 
other  elements  of  climate  are  shown.  Their  use  for  the  analysis 
of  climate  formation  la  to  be  expected  In  the  near  future. 

The  cllmatogenetlc  process  of  the  hydrologic  cycle 
has  attracted  the  attention  of  climatologists  at  least  since 
Voyeykov's  time.  Er^ickner  and  Meinardus  also  dealt  with  this 
problem.  In  the  Soviet  Union,  the  problem  of  water  circulation 
became  urgent  in  connection  with  large  agricultural  projects. 

Two  parts  of  this  problem  were  given  particular  attention:  the 
question  of  the  role  of  the  internal  hydrologic  cycle,  and  the 
question  of  moisture  indices. 

We  understand  the  internal  hydrologic  cycle  to  mean 
the  evaporation  of  precipitation  which  has  fallen  in  a  certain 
region  and  its  subsequent  falling  on  the  same  regibn.  Following 
Bruckner'S  works,  this  question  became  very  much  confused  through 
arbitrary  assumptions.  In  this  way,  some  climatologlste  started 
overemphasizing  the  role  of  the  hydrologic  cycle,  particularly 
in  such  a  large  territory  as  ours.  Thus,  the  Influence  of  for¬ 
ests  and  forest  belts  upon  the  climatic  conditions  of  the  coun- 
tnr  has  been  greatly  exaggerated. 

Some  authors,  among  them  Zlnserllng,  have  tried  to 
prove  that  on  the  European  territory  of  our  country,  the  pre¬ 
cipitation  originating  from  the  internal  hydrologic  cycle  can 
be  one  and  one-half  times  greater  than  the  precipitation  coming 
from  the  external  hydrologic  cycle.  They  maintain  that  the  af¬ 
forestation  and  even  the  increase  in  crop  yields  due  to  shelter- 
belts  can  increase  the  transpiration,  and  consequently,  the  pre¬ 
cipitation,  An  even  greater  contribution  should  be  expected 
from  the  irrigation  network  in  the  routhem  part  of  the  country. 

Well-founded  calculations  of  the  transporting  of  water 
vapor  by  air  currents  seriously  undermine  these  optimistic,  but 
fantastic  expectations,  M.  I.  Budyko,  0.  A.  Drozdov,  and  other 


authore  have  found  that  the  share  of  the  precipitation  coming 
from  the  Internal  hydrological  cycle  was  for  the  European  ter¬ 
ritory  of  the  country  only  13  to  l4ji  of  the  total  amount  of 
mean  annual  precipitation.  Since  this  share  is  so  small,  all 
possible  Irrigation  and  afforestation  measures  with  the  con¬ 
sequent  Increase  In  evaporation  can  contribute  very  little  to 
an  increase  in  precipitation. 

The  contribution  of  the  forest  to  evaporation  was  also 
evaluated  on  the  basis  of  biological  data  on  transpiration.  This 
contribution  also  proved  to  be  very  insignificant. 

It  is  possible,  however,  that  precipitation  Is  Increased 
by  ascendant  air  movements  In  front  of  shelterbelts.  Even  very 
optimistic  estimates,  though,  do  not  show  that  this  Increase 
could  be  of  practical  importance.  The  same  can  be  said  about 
Irrigation,  Vty  calculations  showed  that  Irrigation  of  the  en¬ 
tire  Caspian  lowland  and  the  lower  Volga  region  Increases  the 
amount  of  annual  precipitation  In  this  territory  by  no  more  than 
3  mm. 


Concerning  the  works  on  the  origin  of  water  vapor, 
drought,  and  dry  winds  (sukhovei),  we  will  only  note  that  the 
studies  on  the  origin  of  sukhovei  by  means  of  air  trajectories 
showed  very  clearly  that  these  winds  develop  only  rarely  in  Cen¬ 
tral  Asia,,  The  descending  movements  here  also  play  a  very  lim¬ 
ited  role.  The  sukhovei  are  rather  a  phenomenon  of  the  trans¬ 
formation  of  air  masses  on  the  same  territory. 

Moisture  indices  were  also  found  to  be  of  great  in¬ 
terest  to  climatology.  A  new  problem  arose  in  this  connection, 
namely,  that  of  determining  the  potential  evaporation.  In  this 
respect,  Budyko's  achieved  Important  results  concerning 

the  relation  bct»ween  tne  potential  evaporation  and  the  radiation 
balance.  Moreover,  we  may  mention  Ivanov's  works  on  the  hydro- 
logic  cycle  for  the  entire  earth  and  particularly  for  the  trop¬ 
ical  zones. 

Microclimatic  research  In  the  Soviet  Union  Is  con¬ 
ducted  mainly  for  agricultural  purposes.  We  have  thoroughly 
ejqplored  the  Influence  of  shelterbelts  on  microclimate,  parti¬ 
cularly  through  the  decrease  of  the  force  of  wind.  Problems 
of  irrigation  and  drainage,  as  well  as  those  of  land  recla¬ 
mation,  have  also  been  analyzed.  Several  works  deal  with  the 
physics  of  the  air  layer  near  the  ground  and  especially  with  the 
prevailing  wind  distribution  in  this  layer.  Also  investigated 
were  the  possible  effects  of  the  shelterbelt  network  upon  the 
microclimate,  not  only  upon  the  precipitation,  but  also  upon 
the  wind  in  the  friction  layer.  Works  on  bioollmatology,  agri¬ 
cultural  meteoroloQT,  and  soil  climate  will  not  be  mentioned 
here. 
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PfLleocllnuitology  has  heretofore  not  been  Intensively 
studied.  Nevertheless,  there  are  excellent  works  in  this  field 
of  research  by  the  Academician,  Berg,  on  geological  oliaates, 
historical  changes  of  climate  in  Central  Asia,  and  the  present 
rise  of  temperature.  The  latter  problem  has  been  investigated 
by  several  scientists  including  Wiese,  Rubinshteyn,  and  Maksi¬ 
mov.  ^e  influence  of  solar  activity  on  circulation  processes 
and  on  climate  is  also  being  studied  extensively  in  our  country. 
Among  others,  Eigensson  pursued  the  idea  of  the  possibility  of 
establishing  the  relationship  between  geological  changes  in  cli¬ 
mate  and  circulation  on  the  one  hand,  and  fluctuations  of  solar 
activity  on  the  other.  Similar  ideas  were  simultaneously  de¬ 
veloped  by  Wiiiet. 

I  conclude  by  expressing  the  wish  that  this  general 
outline  may  serve  as  a  first  orientation,  and  to  this  extent, 
be  of  some  value. 
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AH)  Work  Acslgoaont  Vo.  32  (Vatloual  Weather  Serrlce^  USSR), 

Report  X.  Paragraph  d 

SOURCE:  Korzun,  Y.  I.,  V.  Y.  Sidel’nlkoT,  and  M.  S.  Stemsat.  Overall 

autoaatlon  of  hydroneteorologlcal  vork  and  the  creation  of  network 
teleaeterlng  stations.  Meteorologlya  1  gldiologlya,  no.  2,  1961, 

13-19. 

In  recent  years,  the  ^rdroMteorologlcal  Service  of  the  USSR  has  taken 
steps  in  the  develo|aient  and  Introduction  of  antoaatlon.  However,  this  work  has 
been  on  a  coKparatively  saall  scale  and  has  not  given  fall  recognition  to  the 
Isportanee  of  the  probleas  of  overall  antomtlon. 

It  is  now  considered  of  the  utaost  Inportance  to  devise  a  general 
schene  for  the  overall  antosatlon  of  the  Hydroneteorologieal  Service  and  to 
detendne  the  basic  operational  and  technical  reqpirenents  to  be  net  by  the 
various  cosiponeats  in  the  systen.  The  schene  should  reflect  the  basic 
featores  of  the  stractore  and  activity  of  the  various  organs  of  the  8erTf.ce 
which  provide  forecasting  and  warning  services  to  the  national  eeonony  (the 
weather  bureau,  aviation  neteorologleal  stations,  etc.).  The  various  units  of  tlM 
EydrosMteorologlcal  Service  will  undergo  substantial  changes  as  regards  their 
c<sq;K>sltlon,  location,  and  techniques.  For  exaaq>le,  Instead  of  the  usual  stations 
and  posts,  autoaatlc  telsaeterlng  stations  (ATMS)  will  be  used  for  auUclng  obser¬ 
vations  , 


A  degree  of  autooation  can  be  Introduced  Into  the  weather-forecasting 
service  by  l)  utilisation  of  electronic  cosQiuters  (universal  computers  or 
speclally-bullt  coaputers)  in  the  application  of  nuaerlcal  aethods,  and  2)  the 
autosMitlc  eoapllatlon  of  forecasts  based  on  synoptic  aethods.  In  this  case.  It 
will  be  necessary  to  classify  and  generalise  logical  relationships  Inherent  In  the 
synoptic  aethod  of  forecasting  end  to  represent  thea  as  algorltbas.  A  special 
electronic  easqputer  can  be  built  for  this  purpose. 

Automation  will  considerably  reduce  the  number  of  agendas  entrusted 
with  the  task  of  collecting  end  distributing  the  results  of  observations  and 
coatpiling  the  forecasts  and  warnings.  It  nay  be  aseuaed  that  the  nuaber  of  such 
agencies  in  the  entire  oountzy  will  be  reduced  to  between  10  and  15.  A  radical 
solution  of  the  problee  of  the  overall  automation  of  the  basic  activities  of  the 
l^droewteorologloal  Service  does  not  escclude  the  need  for  automating  a  widto 
range  of  operations  and  processes  in  specific  directions.  Thus,  for  eacaaq>le,  the 
application  of  automatic  and  remote -ooutrol  devices  Is  xurgently  needed  in  all 
types  of  operations  performed  at  aeteorologloal,  aerologloal,  hydrological,  and 
aarlne  hydrometeorologleal  statlone  end  poets.  Currently  tens  of  thousands  of 
people  are  employed  In  the  hydrometeorological  network.  The  automation  of 
obeerration  protases  and  the  processing  of  results  will  aake  it  possible  not  ooly 
to  reduce  the  nmaber  of  personnel,  but  aleo  to  aake  the  obeerration  processes  aore 
objective. 


In  order  to  &ut<»at«  all  operations  of  the  Hydrc»eteorolog.leial  Service, 
It  will  be  neceesary  to  create  a  network  of  new  aatoaatlc  teleiaeterlag  stations. 
The  ATMS  smst  contain  units  which  would  assure  the  perfonaance  of  all  operations 
of  a  modem  meteorological  sta^lott  (see  Illustration). 
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Block  diagram  of  an  ATMB 


Using  the  primary  measrrlng  Instruments  (located  on  a  speclCLl 
meteorological  platform)  and  the  measuring  unit,  tae  ATMS  must  perform  measuring 
and  coding  operations  and  then  trensalt  the  Information  to  preset  addresses.  The 
station  must  store  the  data  received  (n&sory  unit)  In  a  form  suitable  for  further 
machine  processing  and  use  (punched  tapes,  punched  cards,  wire  recordings). 

When  some  elements  reach  critical  value  (high  wind  velocities,  heavy  glase, 
limited  range  of  visibility,  storms),  the  storm-waming  unit,  acting  on  a  signal 
from  the  corresponding  primary  m^surlng  Instruments,  switches  In  the  station, 
which  then  transmits  the  storm  warning. 

The  development  of  a  complex  of  primary  measuring  instrtasents  id^ch  wLil 
meet  certain  technical  requirements  is  of  great  importance  in  the  construction  of 
AIMS.  Work  on  such  instruments  can  be  divided  into  two  categories:  l)  changes 
to  be  made  In  existing  Instnmaents  by  adapting  them  to  the  unified  technical 
requirements;  and  2)  creation  of  new  instruments  and  new  methods  of  measuring 
those  asteorologlcal  elements  which  are  now  evaluated  visually,  ^e  cost  of  the 
station  is  an  Important  factor.  Preliminary  estimates  show  that  the  cost  of  the 
ATMS  win  be  determined  mainly  by  the  cost  of  the  primary  measuring  instruments, 
i.e.,  of  that  equlpsent  which  must  be  an  Integral  part  of  every  modem  meteo¬ 
rological  station.  Tlse  cost  of  additional  special  equlpront  of  t^  ATMS  win 
amount  to  about  kO  jfcrcent  of  the  total  cost  of  equipment. 
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SUBJECTS  AID  Work  Assignment  No.  32  (National  Weather  Service,  USSR), 

Report  1.  Paragraph  d 

SOURCES:  Indicated  below 

1)  Loginov,  Ye.  The  wings  of  time.  Qrazhdanskaya  avlatslya,  no.  1, 
Jan  1962,  2-5. 

Poor  meteorological  conditions  are  responsible  for 
Interfering  with  the  regularity  of  landing  operations  of  scheduled 
airplanes.  It  would  seem  that  nothing  can  be  done  against  the 
elemental  forces  of  nature.  However,  more  rational  utilization 
of  the  air  fleet  could  Increase  considerably  the  dependability  of 
flights,  even  imder  very  severe  meteorological  conditions. 

Instead  of  the  Tu-104,  It  Is  soraetlraes  advisable  to  dispatch 
more  versatile  planes  such  as  the  II-I8  or  the  An~10.  However, 
this  Is  not  always  done.... 

Meteorological  services  for  scheduled  flights  should 
be  improved.  The  crew  should  be  provided  with  data  on  curren^ 
weather  and  with  forecasts  at  takeoff  time.  In  this  connection, 
demands  will  be  made  on  the  Main  Administration  of  the  Hydrometeoro¬ 
logical  Service.  Airlines  should  be  more  amply  provided  with 
forecasting  charts,  and  crews  should  be  checked  before  each  flight 
on  their  knowledge  of  weather  conditions  along  the  flight  route 
and  at  the  airports  at  which  they  are  to  land. 

2)  Slmonyants,  V.  The  day  of  the  present  and  the  future, 
Orazhdanskaya  avlatslya,  no.  1,  Jan  1962,  14-16, 

Special  telephones  on  the  walls  of  the  waiting  room  at 
the  Vnukovo  Airport  are  connected  with  the  Information  service. 

There  is  also  a  television  set  installed  in  the  waiting  room. 

When  the  button  Is  pressed,  a  girl  working  at  the  information 
bureau  appears  on  the  screen.  She  will  answer  questions  directed 
to  her.  The  uses  for  television  in  our  country  are  continuously 
expanding.  The  chief  of  the  airport  and  the  flight  dispatchers 
use  television  to  observe  the  entire  airport  and  thus  have  better 
control  of  flight  operations.... 


The  dispatcher  at  the  Vnukovo  Alrpcrt,  Yu.  S.  Follmonov, 
has  Invented  a  device  fcr  the  rapid  automatic  computation  of 
meteorological  data  for  each  flight  to  be  transmitted  to  the 
pilot  in  the  air. 

3)  Ivanov,  I.  Construction  at  Aeroflot.  Grazhdanskaya  avlatslya, 
no,  1,  Jam  1962,  23-24. 

A  special  planning  and  scientific  research  institute, 
the  "Aeroproyekt "  has  been  orgarized  in  the  civil  Air  Fleet. 
Bramches  of  the  "Aeroproyekt *  will  be  established  in  the  near 
future  in  the  Ukraine,  [Soviet )  Par  East,  and  [Soviet]  Central 
Asia,  This  will  enable  the  Civil  Air  Fleet  to  solve  more  rapidly 


all  problems  connected  with  the  planning  and  designing  of 
construction  projects. 


4)  Maksimov,  M.,  M.  Shyl'gln,  and  A,  Shmel'kov.  The  fog  retreats, 
Grazhdan skaya  avlatslya,  no.  11,  Nov  1961,  19. 

Since  1953#  experiments  with  fog  modification  by  means 
of  solid  carbon  dioxide  (dry  Ice)  have  been  conducted  at  the 
Alma-Ata  airport.  Both  ground  and  airborne  Installations  for 
dry-lce  spraying  have  been  tested.  Ground  Installations  seem 
to  be  particularly  effective  for  dispersing  fog  near  the  ground. 


The  following  conclusions  have  been  reached:  1)  In 
order  to  Increase  the  regularity  of  flights,  wider  use  should  be 
made  of  carbon -dioxide  spraying  for  the  dispersion  of  fog. 

2)  Carbon -dioxide  Installations  can  be  used  only  for  the  dis¬ 
persion  of  Intramass  clouds  and  fog  at  a  temperature  of  -5*C 
or  lower.  For  this  reason,  they  should  be  used  at  airports 
where  the  anticyclone  type  of  weather  Is  predominant  in  wiucer- 
time,  l.e..  In  the  eastern  part  of  European  USSR,  in  Kazakhstan, 

In  Siberia.  3)  Since  in  these  regions  fog  near  the  ground 
Is  the  greatest  obstacle  to  flight  regularity,  it  is  expedient 
to  use  economical  and  simple  portable  ground  equipment  for  carbon- 
dioxide  spraying. 

5)  Veresot8k1.y,  Ye,  The  airplane  and  radar.  Qrazhdanskaya 
avlatslya,  no.  9,  Sep  19^1,  12. 

In  the  Soviet  Union,  radar  flight  control  is  used  not 
only  at  airport  areas,  but  also  along  the  main  air  routes  through 
auxiliary  radar  dispatch  stations  along  the  routes.  Weather  data 
are  transmitted  from  these  stations  to  the  regional  dispatcher, 
who  uses  them  for  the  evaluation  of  air  conditions  and  the  guiding 
of  air  traffic  in  his  zone.... 

Radar  also  makes  It  possible  to  determine  frontal 
stormsi.  If  it  is  Impossible  to  fly  above  these  storms,  then  the 
decision  is  made  to  cancel  the  flight.  The  deteotiorl'  of  storm 
fronts  Is  of  great  Importance, Ir-s  irlng  safe  and  regular  flights. 
Therefore,  in  addition  to  ground  radar  installations,  radar  sets 
are  Installed  aboard  aircraft,  thus  enabling  the  crews  to  bypass 
the  storm  clouds.  This  Is  particularly  Important  at  night, 
when  the  naked  eye  cannot  discern  the  character  of  the  cloudiness 
Into  which  the  plane  is  heading.  The  coordinated  action  of 
ground  and  alrborae  radar  systems  contributes  to  safety  in  ax.y 
kind  of  weather. 

6)  Brodskiy,  A.  The  pilot  receives  a  weather  chart.  Orazhdamskaya 
avlatslya,  no.  7#  Jul  1961,  26-2?. 

What  constitutes  a  comprehensive  meteorological  service 
to  aviation?  In  the  first  place,  there  is  the  preflight  briefing 
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of  the  crew.  We  have  preliminary  and  final  briefings,  the  latter 
an  hour  or  thirty  minutes  before  takeoff.  During  the  session, 
synoptic  meteorologists  brief  all  crew  members  on  the  actual  and 
expected  weather  conditions  along  the  flight  route.  In  addition 
to  the  weather-forecasting  chart  given  to  the  plane  crew  before 
takeoff,  meteorological  and  aerologlcal  maps,  graphic  representa¬ 
tions  of  the  vertical  cross  sections  of  the  atmosphere  along  the 
flight  route,  and  other  special  materials  are  explained  to  the 
pilots  and  crew  members. 

The  meteorological  service  to  aviation  also  Includes 
the  servicing  of  planes  In  the  air  through  ground  stations 
(airport  dispatcher  offices,  regional  dlspatchei  stations, 
and  meteorological  stations).  Here  too,  progress  has  made  through 
the  application  of  npw  techniques  wnich  make  it  possible  to  use 
the  very  latest  aerosynoptlc  charts  for  Informing  plane  crews 
about  weather  conditions.  Aviation  forecasting  charts  are  compiled 
by  using  the  aerosynoptlc  data  received  by  the  meteorological 
station,  the  data  of  aircraft  sounding,  and  the  reports  of  crews 
concerning  weather  conditions  along  the  route.  The  charts  may  be 
compiled  for  six,  eight,  or  more  hours,  depending  on  the  duration 
of  the  flight  and  the  complexity  of  aerosynoptlc  processes 
occurring  on  that  day. 

7)  Loginov,  Ye.  Toward  high-quality  meteorological  services  for 
flights.  Orazhdanskaya  avlatslya,  no.  11,  Nov  i960,  10-11. 

The  data  in  a  weather  bulletin  must  meet  certain  specific 
requirements  of  the  flight  mission,  provide  a  basis  for  correct 
decisions  regarding  taknoffs,  and  lead  to  the  selection  of  an 
appropriate  flight  plan  which  would  be  In  accordance  with  the 
traffic  and  would  make  It  possible  to  surmount  the  complex  weather 
conditions  on  the  flight  route. 

Specifically,  the  weather-bulletin  data  should  furnish 
information  on  the  following:  a)  pressure  characteristics; 
b)  weather  forecasts  along  the  route  which  satisfy  the  above- 
mentioned  requirements;  q)  weather  forecasts  for  the  landing  point 
(with  the  characteristics  of  the  meteorological  conditions  at  the 
auxiliary  airport  and  takeoff  airport);  d)  wind  conditions  by  altitude. 

8)  Sheyntn,  M.,  and  A.  Yakovlev.  Radar  sounding  of  the  atmosphere. 
Orazhdamskaya  avlatslya,  no.  1,  Jan  i960,  14. 

The  use  of  radar  reflectors  Is  recommended  as  a  means  for 
determining  the  velocity  and  direction  of  wind  and  the  character 
of  vertical  air  currents.  It  has  been  experimentally  proved 
that  the  application  of  radar  reflectors  makes  It  possible  to 
extend  to  the  free  atmosphere  the  terrestrial  radar  method  for 
recording  the  mean  square  velocity  of  motions  In  the  clouds. 
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9)  Loginov,  Ye,  Early  fulfillment  of  the  Seven-Year  Plan! 
arazhdanskaya  avlatslya,  no.  7p  Jul  19^0,  1-2. 

The  crews  of  the  Civil  Air  Fleet  are  taking  aerial  photo¬ 
graphs,  are  taking  an  active  part  In  scientific  research  work  on 
studies  of  the  Arctic  and  Antarctic,  and  are  rendering  services 
to  fishermen  aid  hunters  and  to  numerous  geological  expeditions 
prospecting  for  minerals.  The  extensive  use  of  aviation  In  geo¬ 
logical  surveying  has  contributed  to  the  discovery  of  large  deposits 
of  nonfeinrous  metals  In  the  Krasnoyarskly  kray,  gold  in  Hagadanskaya 
oblast',  gold  and  diamonds  In  the  Yakutskaya  ASSR,  and  oil  and 
natural  gas  1«  the  Tyumenskaya  oblast'.... 

The  Civil  Air  Fleet  is  rendering  assistance  to  other 
Socialist  countries  and  underdeveloped  countries  in  the  field 
of  civil  aviation  by  helping  in  the  training  of  specialists, 
supplying  advice  and  making  available  technical  aviation  publi¬ 
cations  and  other  training  aids. 


SUBJECT:  AID  Work  Assignment  No.  32  (National  Weather  Service, 
USSR),  Report  1.  Paragraph'^  H 

SOURCE:  Mlrtov,  B.A.  Qazovyy  sostav  atmosfery  Zemll  1  metody 

yego  analiza  (Qaseoua  composition  of  the  earth's  atmos 
phere  and  methods  for  its  analysis),  Moskva,  Izd-vo 
AN  SSSR,  1961.  261  p. 


ABSTRACTS : 


ULcrometeorology  (Stratospheric  balloons) 
Ipp.  51-^4 j 


The  study  of  the  upper  layers  of  the  atmosphere  in 

the  USSR  with  the  launching  of  the  stratospheric  balloon  ••  CCCP"  in 
September  1933.  The  balloon,  which  rose  to  an  altitude  of  19  km, 
carried  an  air-sampling  flask  designed  by  A, I.  Shal'nlkov  and  M.I, 
Qol'tsman.  The  flask  was  enclosed  in  a  metal  container  and  attached 
to  the  outside  of  the  gondola  to  avoid  contamination  by  gases  escap¬ 
ing  from  the  balloon.  The  flask’s  opening  and  closing  mechanism  was 
controlled  electrically  through  wires  leading  into  the  interior  of 
the  gondola.  The  air-sampling  vessel  (see  Illustration)  consisted  of 
a  l-llter  glass  cylinder  2  with  two  arms  —  arm  2  for  letting  the 
outside  air  In,  and  arm  7  for  attaching  the  cylinder  to  the  air- 
analysis  equipment. 


Diagram  of  the  Shal ’nlkov-Gol 'tsman  flask 

1  -  cylinder;  2  -  air  Intake  arm;  3  -  capillary; 

4  -  capillary  tip;  5  -  sleeve;  6  -  platinum  heater; 

7  -  cylinder  arm  for  attaching  cylinder  to  installa¬ 
tion;  8  -  weight. 


Before  ascent,  the  cylinder  weia  evacuated  to  10“®  mm  Hg  and  sealed. 
At  the  terminal  altitude,  the  locking  of  a  special  relay  released 
weight  8  ,  which  in  falling  opened  a  third  arm  4  ,  allowing  the 


surrounding  air  to  enter  the  evacuated  flask.  Within  a  certain 
period  of  time,  platinum  heater  6  melted  capillary  J  ;  air  re- 
)  leased  from  sleeve  5  then  compressed  the  heated  capillary, 
thoroughly  sealing  the  vessel.  To  prevent  the  hydrogen  In  the 
balloon  from  entering  the  cylinder,  sampling  was  effected  during 
gradual  descent.  Separate  analyses  of  the  samples  made  by  A.V. 
Mosvln  and  A, A.  Cherepennlkov,  produced  Identical  results;  pres¬ 
sure  In  cylinder,  47.5  *  0.2  mm  Hg  (T  ■-55*0);  hydrogen,  none 
observed;  content  of  0^ ,  20,955^  at  altitude  of  l8,C00  ra;  content 
of  Ng  and  Inert  gases,  normal  (79.055^).  The  results  showed  that 
the  composition  of  the  air  at  an  altitude  of  about  20  km  is  the 
same  as  that  In  the  surface  layer. 

In  1934,  the  stratospheric  balloon  “Osoavlakhlra"  rose  to 
an  altitude  of  22,000  m  but  was  lost  with  all  hands  aboard.  The 
alr->^ampllng  flasks  were  situated  Inside  the  gondola  and  probed 
the  outside  air  by  means  of  pipes  which  were  opened  and  closed 
electrically  from  within  the  gondola  cabin. 


Meteorological  Sensing  Equipment 
Ip.  7BJ  ” 


A  recent  Soviet  single-stage  geophysical  rocket  reached 
an  altitude  of  475  km  carrying  a  payload  of  1  ton.  This  great 
payload  capacity  enables  the  rocket  to  cax»ry  special  automatic  con¬ 
tainers  with  a  variety  of  Instruments,  including  radio-frequency 
mass  spectrometers  and  cylinders  for  storing  air  samples.  In 
sampling,  the  containers  are  ejected  to  the  side  of  the  rockets; 
this  makes  it  possible  to  obtain  purer  samples  than  if  the  containers 
were  to  remain  fixed  to  the  rocket.  Meteorological  rockets  are  also 
used  in  investigations  at  lesser  altitudes.  Measuring  equipment  is 
carried  in  the  head  of  the  rocket,  which  is  recovered  by  parachute. 


Instrumentation 

TlpT^ - 


In  discussing  high- altitude  air-sampling  techniques  con¬ 
ducted  with  the  aid  of  rockets,  Mirtov  suggests  that  the  difficul¬ 
ties  encountered  by  American  scientists  in  designing  suitable  open¬ 
ing  and  closing  mechanisms  for  rocket-borne  sample  containers  could 
be  easily  solved.  The  end  of  the  metallic  inlet  duct  could  be 
sealed  by  a  thin-walled  glass  tube  and  the  tube  broken  at  the  re¬ 
quired  moment  to  provide  an  opening  into  the  vessel. 
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^teorolcgy  (Radio- Frequency  Mass  Specti*ometer  for  the  Analysis  of 
th©  Neutral  Components  of  the  Atmosphere ) 

[pp.  166-172] 


In  the  summer  of  1959  a  Bennett-type  radio-frequency  mass 
spectrometer,  designed  by  the  State  Specialized  Design  Office,  Acad¬ 
emy  of  Sciences  USSR,  was  propelled  to  an  altitude  of  200  km  in  the 
middle  latitudes  of  the  USSR  to  study  the  neutral  components  of  the 
atmosphere.  The  new  Instrument,  based  on  the  Y.Q,  Istomin  mass 
spectrometer,  was  specially  designed  to  determine  the  presence  and 
extent  of  hydrogen  and  helium  in  the  upper  atmosphere. 

In  contrast  to  the  instrumentation  of  the  U.S,  Aerobe© 
rockets,  the  mass  spectrometer  was  placed  in  a  self-contained  capsule. 
The  compartment  housing  the  mass  spectrometer,  the  telemeter,  and  the 
oscillograph  was  hermetically  sealed  rather  than  open-^^orked , 

The  analyzer  tube  of  the  mass  spectrometer  probed  the  atmosphere 
through  the  walls  of  the  compartment,  and  was  hermetically  sealed 
to  the  capsule  facing  by  means  of  a  special  flange.  To  avoid  the 
effects  of  gas-emitting  surfaces  at  great  heights,  the  analyzer 
tube  with  its  mouth  located  below  the  capsule  walls  was  placed  in 
a  wide  glass  vessel  in  such  a  way  that  the  walls  of  the  capsule  wex»e 
out  of  the  field  of  vision  of  the  spectrometer.  Radio  transmitter 
anttenrtas  were  attached  to  the  outside  walls  of  the  compartment. 

On  the  rocket's  upward  trajectory,  the  capsule  cont-'^ning 
the  mass  spectrometer  is  ejected  from  the  rocket,  and  contlnu  in¬ 
dependently  on  its  own  trajectory.  At  a  given  altitude,  the  .js 
spectrometer  tube  is  unsealed,  and  ainalysls  of  the  surrounding  air 
is  initiated. 

A. A.  Pakhunkov,  who  processed  the  data  obtained,  reports 
the  following  results; 

The  mass  spectrometer  recorded  dozens  of  types  of  ions 
identified  with  ,  H,  ,  OH,  HgO,  Nj  ,  0^  ,  Ng  ,  O3  ,  Ar,  and  COg  ,  which 
formed  in  the  ion  source  of  the  spectrometer.  The  characteristics 
of  the  intensity  peaks  recorded  on  the  spectrograms  made  it  possible 
to  separate  the  gases  into  two  basic  types;  the  water  group  of 
gases  and  their  derivatives  —  HgO,  OH,  —  relating  to  the 

contaminating  gases  brought  by  the  capsule  and  rocket,  and  the  atmos¬ 
pheric  group  --  Oj  ,  Nj  ,  0,  ,  Ng  ,  Ar,  COg  . 

The  rotation  of  the  capsule  Induced  by  its  ejection  from 
the  rocket  made  precise  separation  of  the  two  groups  of  gases  pos¬ 
sible,  Because  of  the  rotation,  the  axis  of  the  mass  spectrometer 
tube  altered  its  direction  in  relation  to  the  capsule's  forward 
velocity  vector.  The  total  pressure  in  the  tube  also  varied;  it 
was  greatest  udien  the a^igle  between  the  axis  of  the  tube  and  the  for¬ 
ward  velocity  vector  of  the  capsule  was  at  its  minimum  and  smallest 
when  the  angle  was  greater  than  90*;  l.e.,  when  the  mouth  of  the 
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masa  spectrometer  tube  fell  within  the  area  of  molecular  shadow 
which  formed  beiilnd  the  capsule  (Pig.  l).  Peak  Intensity,  In- 
)  duced  by  and  related  to  the  “cloud’*  of  contaminating  gases  re¬ 
leased  by  the  container,  was  not  subject  to  such  variations, 
because  the  gases  created  a  constant  pressure  In  the  Instrument 
Independent  of  the  capsule's  orientation  (Pig.  2). 


MO'**  (ttj 


Pig.  1.  Amplitude  variations  (pulsations)  of 
Ion  currents  of  molecular  and  atomic  nitrogen 
related  to  the  rotation  of  the  capsule 


Analysis  of  the  variations  in  the  Intensity  of  ion  peaks 
In  the  water  group  showed  that  the  quantity  of  these  gases  de¬ 
clines  slowly  and  monotonously  throughout  the  entire  flight;  this 
finding  conflnned  their  desorptlonal  nature.  Assuming  that  the 
law  of  desorption  of  water  Is  satisfactorily  expressed  by  the 
exponential  function 


-t 
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satisfactory  agreement  between  theoretical  and  experimental  values 
was  obtained  by  normalising  this  function  for  water.  (I  is  the 
Ionic  current  of  HgO  at  time  t  -  0.  On  Pig.  2  It  amounts  to 
6*10"^^  a.  Term  t  is  the  index  of  "fall",  316  sec.) 

A  discrepancy  between  experimental  and  theoretical  values 
occurred  only  In  the  case  of  H  and  H, ,  In  the  case  of  molecular 
hydrogen,  the  discrepancy  was  explained  by  the  presence  of  atmos¬ 
pheric  hydrogen,  or  more  probably  by  hydrogen  separated  from  the 
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Inside  surface  of  the  analyzer  tube  which  was  initially  filled  with 
a  mixture  of  Hg ,  He,  Ne,  and  Ar  to  calibrate  the  Instrument  before 
and  during  flight.  The  excess  hydrogen,  indicated  by  the  ionic 
current,  was  estimated  at  3*  10“^^  to  2- 10”^*  a.  PoW-iunkov  concludes 
that  at  100  to  200  km  the  amount  of  neutral  hydrogen  should  there¬ 
fore  not  exceed  1*10®  particles  per  cubic  centimeter,  which  is  Just 
within  the  limit  of  the  sensitivity  of  the  spectrometer. 

The  rotation  of  the  capsule,  which  facilitated  discrim¬ 
ination  between  atmospheric  and  "parasitic"  gases,  impeded  the 
processing  of  atmospheric  gas  spectrograms.  Because  the  data  being 
processed  could  not  be  corrected  "for  orientation",  further  compu¬ 
tations  were  based  on  points  situated  only  within  the  maxima  of 
"primary"  curves  (Pig,  1).  This  greatly  reduced  the  amount  of  the 
material  which  could  be  used  for  processing. 

In  "secondary"  processing  only  selected  "primary"  data  on 
ion  peak  intensities  of  two  random  gases  were  compared.  An  analy¬ 
sis  of  the  ratio  of  N.  to  N*  Ion  peak  intensities  revealed  no  per¬ 
ceptible  quantities  or  atomic  nitrogen  at  an  altitude  of  100  to 
200  km. 
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Similar  curves  plotted  for  atomic  and  molecular  oxygen 
provided  only  a  qualitative  spread  because  oxygen  may  undergo  basic 
transfomatlons  in  entering  and  leaving  the  spectrometer  analyzer. 
Nevertheless,  the  experiments  described  provided  a  clear  picture 
of  the  general  distribution  of  atomic  oxygen  by  altitude.  It  was 
found  that  the  Increase  of  atomic  over  molecular  oxygen  began  at 
an  altitude  of  100  km  and  continued  rising  to  200  km,  the  lowest 
and  highest  levels  at  which  measurements  could  be  made . 

Analysis  of  the  change  in  the  ratio  between  Ar  and  N,  Is 
of  considerable  Interest  In  determining  the  gravitational  separation 
of  gases.  Pokhunkov  found  that  gravitational  separation  occurs  at 
about  100  km,  though  the  limited  number  of  points  at  which  measure¬ 
ments  were  made  prevented  him  from  obtaining  a  quantitative  evalua¬ 
tion,  In  the  experiments  described  only  very  small  amounts 
10*  atoms/cra*  )  of  hydrogen  and  helium  were  detected. 


Gravitational  Separation  of  Argon  and  Nitrogen  In  the  Atmosphere 

Ip:i7V] - — -  - - — 


Mlrtov  believes  that  the  accuracy  of  the  results  obtained 
In  the  U.S,  investigation  of  the  gravitational  separation  ctf  atmos¬ 
pheric  nitrogen  and  argon  of  12  Feb  1953  with  the  Aerobee  NRIr-13 
Is  questionable.  The  cap  over  the  inlet  to  the  mass  spectrometer 
played  a  negative  role,  proving  a  natural  trap  which  enriched  the 
atmosphere  around  the  Inlet  with  argon. 

The  surrounding  atmosphere,  composed  of  a  mixture  of  dif¬ 
ferent  gases,  reached  the  Inlet  of  the  Instrument  through  slots  In 
the  cap.  If  the  fi*ee  paths  of  the  molecules  were  not  large,  this 
gaseous  mixture  would  reach  the  mass  spectrometer  with  its  composi¬ 
tion  undlstorted.  The  picture  would  change  drastically,  however.  If 
the  free  paths  of  the  molecules  should  be  comparable  to  the  mean 
distance  between  the  Inside  walls  of  the  protective  cone.  The  mol¬ 
ecules  should  be  comparable  to  the  mean  distance  between  the  inside 
walls  of  the  protective  cone.  The  molecules  entering  through  the 
slots  would  then  be  subjected  to  numerous  collisions  with  the  walls 
of  the  housing  before  leaving  the  cavity.  "FaLSt"  nitrogen  would 
leave  the  trap  in  larger  quantities  than  "slow"  heavy  argon, 
creating  a  false  picture  of  the  gravitational  separation  of  these 
gases . 


This  hypothesis  Is  confirmed  by  analogous  studies  con¬ 
ducted  by  Soviet  scientists  In  the  middle  latitudes  of  the  European 
USSR,  In  which  the  separation  of  argon  and  nitrogen  at  altitudes  of 
110  to  115  km  was  recorded. 
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Meteorolog: 

TTEmos^er* 

[pp. 


(Soviet  Investigations  of  the  Xonlc  Compoaltlon  of  the 
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The  first  radio- frequency  mass  spectrometer  used  in  the 
USSR  for  upper  atmospheric  research  was  developed  In  1957  hy  V.G. 
Istomin,  This  spectrometer  differed  from  Townsend's  in  that  its 
analyzer  and  Ion  sources  were  equipped  with  "single-row"  grids 
made  from  parallel  wires  iL  microns  thick  stretched  at  0.5”nun  in¬ 
tervals  over  a  kovar  ring.  These  "grids"  increase  the  resolving 
power  of  the  spectrometer  tube  and  facilitate  its  calibration. 

Prior  to  final  sealing,  the  tube  Is  filled  with  an  Ar  +  N,  ralxtuore 
and  sealed  off  when  the  mixture  reaches  a  pressure  of  approximately 
3*10~*  ram  Hg.  This  refinement  eliminates  intermediary  adjustment 
and  allows  calibration  at  any  time  prior  to  launching, 

Istomin's  mass  spectrometer  has  a  mass  range  of  6  to  50 
atomic  units.  Its  meaarrement  time  for  the  entire  range  Is  1.7  sec, 
and  its  resolution  In  the  region  of  mass  number  M  «=  28  is  equal  to 


R 


28, 


where  AM  is  the  width  of  the  peak  at  its  base,  expressed  in  atomic 
units  of  mass.  The  amplifier's  exit  resistance  Is  10^®  ohms. 


Geophysical  rocJ^t  launched  9  Sep  1957.  On  the  evening  of  9  Sep 
195/,  ®^  geophysical  rocket  cau»rylng  a  capsule  containing  measuring 
instruments  was  launched  to  an  altitude  of  206  km  from  a  spot  In 
the  middle  latitudes  of  the  European  USSR.  The  capsule  carried  a 
radio -frequency  mass  spectrometer  which  was  designed  to  measure  the 
mass  spectra  of  positive  Ions .  The  capsule  was  hermetically  sealed 
and  equipped  with  a  radlotelemetering  device  which  transmitted  the 
data  obtained  to  receiver  stations  on  the  ground.  The  operating 
orifice  of  the  analyzer  tube  of  the  spectrometer  was  situated  In  the 
side  of  the  capsule  to  remove  reflecting  (gas-eralttlng )  surfaces 
from  the  Instrument's  field  of  vision.  The  rocket  quickly  left  the 
region  of  the  earth's  shadow,  and  measurements  were  conducted  In  an 
area  Illuminated  by  the  direct  rays  of  the  sun. 

In  all,  170  spectra  were  obtained  —  the  first  at  an  alti¬ 
tude  of  105  ion  on  the  ascending  trajectory,  the  last  at  120  kra  during 

descent.  Three  Ions  with  mass  number  16,  30,  and  32  (0+  and  0* + 
were  observed.  At  a  height  of  105  to  190  km,  O'^  and  0^+  Ions  were 

present  in  amounts  no  greater  thatn  20^  of  the  amount  of  the  basic  N0+ 

ion,  whicn  predominated  at  all  altitudes  studied  (105  to  206  km). 

Ions  wer?  recorded  at  I90  to  206  km,  and  it  was  noted  that  their 
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number  Increased  with  height.  Since  the  spectrograms  obtained  show 
no  systematic  displacement  of  Ion  peaks.  It  may  be  assumed  that  the 
charge  in  the  container  remained  constantly  within  ^  2  v.  TTie 
spectrometer  worked  smoothly  throughout  the  operation,  and  a  post- 
recovery  check  showed  that  It  could  be  used  for  further  work. 


Gfeophyslcal  rockets  1  acme  he  d  2  Aug  and  13  Aug  1958 »  geophysical 

rockets  we launched  In  19$B  --  one  on  2  Aug ,  tne  other  on  13  Aug  — 
over  the  middle  latitudes  of  the  European  USSR.  In  both  rockets, 
the  same  type  mass  spectrometer  was  used  as  that  on  9  Sep  1957. 

The  capsules  ascended  to  an  altitude  of  about  200  km,  and  large 
quantities  of  mass  spectra  of  positive  ions  were  obtained.  Record¬ 
ing  began  at  an  altitude  of  100  km  and  continued  to  maximum  ascent. 

In  general,  the  cross  sections  obtained  of  the  ionosphere 
agreed  with  those  obtained  earlier  both  in  the  USSR  and  in  other 
countries.  The  basic  ion  at  lower  levels  was  found  to  be  the  Ion 
of  nitrogen  oxide  N0+,  Above  150  to  I60  kra.  Ions  of  atomic  oxygen 
0+  began  to  appear,  their  concentration  rising  quickly  with  height. 
The  ion  of  molecular  oxygen,  whose  concentration  tends  to  decline 
In  daytime,  was  found  to  be  present  in  considerable  quantities,  pre¬ 
dominantly  at  lower  levels  (lOO  to  I50  km). 


Geophysical  rocket  launched  22  Jul  1959.  The  22  Jul  1959  geophysical 
rockeF  launched  over  the  middle  latitudes  of  the  European  USSR  carried 
the  new  mass  spectrometer  [see  p.  3  ]  designed  for  analysis  of  the  lighter 
gases.  The  spectrometer  operated  successfully,  reaching  a  height  of 
approximately  200  km  and  recording  a  large  number  of  mass  spectra  of 
positive  Ions.  Of  considerable  significance  were  the  data  obtained 
on  hydrogen  and  helium.  The  mass  spectrometer  failed  to  detect  any 
hydrogen  and  helium  ions  below  200  kra,  and  their  apparent  absence  "'ed 
Istomin  to  conclude  that  the  concentration  of  hydrogen  ox*  helium  Ions 
In  that  region  of  the  Ionosphere  could  not  exceed  10*  particles  per 
cubic  centimeter,  a  value  coinciding  with  U.S.  findings. 


Conclusion .  The  lower  Ionospheric  layers  consist  basically  of  positive 
ions  with  a  mass  of  30  (nitrogen  oxide  NO*^),  This  condition  Is  dis¬ 
turbed  only  toward  midday,  when  considerable  quantities  of  moleculau* 
oxygen  Ions  appear  at  an  altitude  of  100  to  120  km.  At  140  to  15O  km, 
the  0+  Ion  appears  and  begins  to  predominate  over  the  N0+  and  0,+ 
ions ,  It  rises  rapidly  In  concentration  with  height  and  becomes  pre¬ 
dominant  above  200  km. 
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It  Is  difficult  to  make  any  definitive  statements  about 
the  distribution  at  these  altitudes  of  the  lesser  ionospheric  com¬ 
ponents  such  as  Ng+  and  H^0+.  The  presence  in  the  upper  layers  of 
the  ionosphere  of  the  ion  with  a  mass  of  l8  (presumably  an  ion  of 
water)  also  presents  particular  difficulties,  as  does  the  geophysi¬ 
cal  basis  for  the  lai‘ge  quantities  {!%)  of  the  ions  of  water  at 
such  great  heights  as  150  km  and  higher.  The  absence  of  hydrogen, 
helium,  and  hydroxyl  ions  in  the  ionic  spectra  obtained  points  to 
the  absence  of  significant  amounts  of  hydrogen  between  the  alti¬ 
tudes  of  100  and  250  km.  The  presence  of  the  nitrogen  ion  NgO"  in 
the  ionosphere  was  detected  each  time  a  spectrometer  was  sent  up, 
and  small  quantities  of  this  ion,  as  well  as  small  quantities  of 
other  negative  ions  in  the  earth's  atmosphere,  appear  to  be  quite 
probable.  However,  the  presence  of  NgO”  may  be  due  to  rocket  fuel 
combustion. 


Stations :  Ozone  Studies 
Ip.  2i9l 


The  USSR  has  established  a  network  of  stations  for  the 
systematic  study  of  variations  in  the  atmospheric  content  of  ozone. 
The  stations  were  set  up  at  Voyeykovo  near  Leningrad,  Abastumani, 
Terskol  at  the  foot  of  Mt,  El'brus,  Alma-Ata,  Vladivostok,  and 
Dlkson  Island.  One  of  the  main  objectives  is  the  study  of  the 
earth's  general  atomspherlc  circulation  and  its  relation  to  weather. 
Because  ozone  is  retained  in  the  lower  layers  of  the  atmosphere 
for  as  long  as  several  months,  it  can  be  used  ais  an  indicator  of 
the  transfer  of  air  masses , 


Meteorological  Equipment 

Fp  . '^257  - 


The  USSR  has  developed  an  Improved  three-channel  photo¬ 
electric  ozonometer,  the  O®0T-3  ,  equipped  with  three  ultraviolet 

light  filters.  It  determines  the  amount  and  vertical  distribution 
of  ozone  in  the  atmosphere  by  measuring  the  ultraviolet  radiation 
of  the  sun,  Anothe’^  'evice.  a  double-quartz  monochromator  with  a 
photoelectric  receiver  for  ultraviolet  radiation  has  been  adapted 
by  the  Moscow  State  University  for  the  same  purpose . 
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Wlcrometeorology 
[p.  230] 


(Aerosols ) 


About  two  thirds  of  the  aerosols  are  concentrated  in  the 
first  two  km  above  ground.  Aerosols  may  account  for  as  much  as  one 
third  of  the  absorption  of  light,  usually  ascribed  entirely  to  the 
effect  of  ozone.  The  optical  density  of  aerosols  increases  toward 
midday  and  before  the  onset  of  cloudiness,  which  may  lead  to  the 
erroneous  conclusion  that  there  is  a  dally  variation  in  the  ozone 
content  of  the  air.  On  the  basis  of  a  number  of  experiments, 

Mirtov  concludes  that  the  content  of  ozone  in  the  atmosphere  varies 
very  little  from  one  day  to  another.  O.P*  Gushchin  found  that  the 
effective  radius  of  aerosol  particles  is  0.11  to  0.26  microns 
and  their  total  number  lO'^/cm*. 
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SUBJECT:  AID  Work  Assignment  No,  32  (National  Weather  Service, 

USSR),  Report  1,  Paragraph  ir 

SOURCE  ;  Gandln,  L.  S.  0  prlntslpakh  ratslonal 'nogo  razme- 

shcheniya  setl  meteorologichesklkh  stemtaly  (Princi¬ 
ples  of  an  effective  arrangement  of  the  network  of 
meteorological  stations).  IN:  Leningrad,  Glavnaya 
geof Izlcheskaya  observatorlya  Imenl  A.  I,  Voyeykova. 
Trudy,  no.  Ill,  1961,  8I-98. 


The  correct  approach  to  the  problem  of  setting  up  a 
highly  productive  network  of  stations  should  be  based  on  ec- 
oncmic  considerations.  If  stations  are  too  far  apart,  their 
number  must  be  increased  if  more  accurate  weather  forecasting 
is  to  be  expected.  The  benefits  gained  by  the  national  econ¬ 
omy  through  better  weather  forecasting  will  more  than  justify 
the  cost  of  equipment  and  maintenance  of  stations,  If» on  the 
other  hand,  stations  are  too  close  together,  their  number  may 
be  reduced.  This  will  result  In  substantial  savings  without 
adversely  affecting  the  economic  life  of  the  country.  In  prin¬ 
ciple,  therefore,  an  "optimum"  density  of  the  meteorological 
network  can  be  established. 

Numerous  papers  have  been  written  on  the  subject. 

In  1936,  0.  A,  Drozdov  suggested  a  method  based  on  the  compu¬ 
tation  of  the  mean  quadratic  error  of  the  linear  Interpolation 
of  meteorological  elements  on  the  center  of  the  segment  con¬ 
necting  two  stations.  A  later  work  by  Drozdov  and  A,  A.  Shep- 
elevskiy  presented  an  indirect  and  easy  method  for  arriving  at 
the  interpolation  error.  They  Introduced  into  the  computations 
the  so-called  extrapolation  error,  which  i*epresents  the  mean 
square  difference  of  deviations  from  normal  of  the  Investigated 
meteorological  element  at  two  points  as  a  function  of  the  dis- 
r,ance  between  them.  The  maximum  allowable  distance  between  the 
observation  points  was  determined  by  loliowing  these  steps: 

1)  finding  the  structural  function  of  the  Investigated  element; 

2)  eliminating  the  effect  of  the  observation  errors;  3)  determin¬ 
ing  the  linear  interpolation  error,  E^  ,  or  E, ,  as  a  function  of 

the  distance  I  between  the  points  according  to  either  of  the 

following  two  formulas: 

^  *  bf  ‘  -  I  bf  (i),  E,  S3  bf  f -p)  -  I  bf  (^); 

and  4)  determining  the  value  of  the  distance  i  by  adjusting  the 

permissible  error  of  the  element  f  to  the  error  of  Interpola¬ 
tion  , 

The  main  requirement  of  the  method  advauiced  by  Drozdov 
anc  Shepelevskiy  is  that  the  maximum  permissible  distance  between 
the  points  should  be  determined  from  the  evaluation  of  the  in¬ 
terpolation  errors.  The  next  step  would  be  to  change  from  the 


estimation  of  the  errors  of  linear  interpolation  to  the  compu¬ 
tation  of  the  errors  of  the  optimum  inter,  olatlon ,  whereby  the 
observation  errors  would  also  be  taken  into  account.  In  the 
author's  opinion,  this  would  greatly  improve  the  Drozdov- 
Shepelevskly  method  without  changing  in  any  way  its  basic  prin¬ 
ciples  „ 


Before  the  new  technique  can  be  conceived  in  plain 
terms ,  additional  research  will  be  needed  on  such  aspects  as 
the  ‘"region  of  influence"  used  in  interpolation,  the  effect 
of  deviations  of  the  autocorrelation  moment,  and  the  effect 
of  the  Incidental  error  on  the  accuracy  of  interpolation. 


2 


SUBJECT:  AID  Work  Assignment  No.  32  (National  Weather  Service, 
USSR),  Report  1.  Paragraph  2  X.Z' 


SOURCE:  Bozhevlkov,  N.  S.  Interdepartmental  conference  on  problems 

of  the  transparency  of  the  atmosphere  and  visibility. 
Meteorologlya  1  gldrologlya,  no.  5#  I960,  62-t)3» 


On  the  Initiative  of  the  Main  Geophysical  Observatory, 
an  Interdepartmental  conference  was  convened  In  January  i960  In 
Leningrad  to  discuss  problems  connected  with  atmospheric  trans¬ 
parency  and  visibility.  Participating  were  representatives  of 
42  Institutions  and  scientific  research  Institutes.  Twenty 
papers,  dealing  mainly  with  the  problems  of  meteorological 
services  to  aviation,  were  read  and  discussed. 

The  report  of  N.  V.  Petrenko  outlined  the  requirements 
of  aviation  meteorologists  in  determining  the  range  of  visibility. 
With  present-day  flight  velocities  and  traffic  density,  it  Is 
difficult  to  provide  meteorological  data  to  aviation  without  an 
exact  and  operative  method  for  determining  visibility  and  cloud 
altitudes  by  means  of  modern  recording  Instruments.  A.  V.  Gavrilov 
dealt  with  the  problem  of  determining  landing  visibility.  On  the 
basis  of  the  theory  of  photometric  contrasts,  Gavrilov  devised 
methods  for  determining  the  range  of  visibility  of  a  runway  in 
daylight.  A  new  recording  photometer  for  measuring  the  transparency 
of  the  atmosphere  is  described  in  the  report  of  V.  I.  Goryshln. 

N.  S.  Bozhevlkov  presented  Information  on  a  new  Instrument  which 
makes  it  possible  to  measure  and  reccrd,  every  30  seconds,  the 
altitude  of  clouds  and  the  pulsation  01  fchelr  lower  level  in  daytime 
and  nighttime.  Tests  made  with  this  Instrument  provided  Interesting 
data  on  the  fluctuation  of  the  lower  edge  of  clouds  in  time  and 
«pace  and  revealed  a  certain  relationship  between  the  altitude  of 
clouQj  and  visibility. 

Other  reports  were  concerned  with  the  following:  evalua¬ 
tion  of  visibility  by  sight  (I.  N.  Nechayev);  methods  and  instruments 
for  the  equipment  of  basic  meteorological  stations;  new  principle 
In  the  determination  of  the  transparency  of  air  (V.  A.  Gavrilov); 
design  and  theory  of  the  M-53  polarizing  indicator  of  visibility 
(L.  L.  Dashkevich);  nephelometric  method  of  measuring  the 
meteorological  range  of  visibility  (G.  Ya.  Bashilov)  (this  report 
Includes  abundant  experimental  material  demonstrating  the 
possibilities  of  nephelometric  measurements);  accuracy  of 
different  methods  for  measuring  the  meteorological  range  of 
visibility  (1.  A,  Savlkovskly);  synoptic  processes  leading  to 
poorer  visibility  because  of  the  formation  of  low  clouds; 
effect  of  precipitation  on  the  transparency  of  the  atmosphere 
(Ye.  A.  Polyakova)  (this  report  IncJ-udes  experimental  evidence 
that  the  coefficient  of  transparency  In  the  case  of  snowfal)  Is 
approximately  one  order  lower  than  In  the  case  of  rainfall). 


new  data  on  racdem  equipment  of  runway  illumination  (Yu.  V.  Frid); 
problems  of  the  visibility  of  obje-sts  illuminated  by  searchlight 
and  a  method  for  calculating  the  brightness  of  dispersed  light 
from  searchlights  (Q.  V.  Rosenberg);  and  some  problems  of  physio¬ 
logical  optics  and  analysis  of  vision  functions  (V.  B.  Baranovskiy). 

The  conference  emphasised  the  great  Importance  of 
measurements  of  atmospheric  transparency  and  of  the  lower  edc^e 
of  clouds  for  meteorological  services  to  aviation.  It  called  for 
the  Improvement  of  methods  of  visual  observation  and  the  further 
development  of  recording  Instruments.  Such  urgent  problems  as 
takeoff  and  slant  visibility,  transparency  In  horizontal  and 
oblique  directions  at  a  low  cloud  level,  and  problems  connected 
with  the  deteimilnat ion  and  forecasting  of  visibility  were  singled 
out  for  special  attention.  The  conference  resolved  to  ask  the 
Main  Administration  of  the  Hydrometeorological  Service  to 
organize  a  coordinating  commission  on  visibility  problems. 


-  2 


% 


SUBJE^:  AID  Work  AsBigonent  Ho.  3?  (latlonal  Waatker  Service,  U3SB), 
Report  1.  Paragraph  2 

SOURCE:  Kogan-Beletskly,  0.  X.  Evaluatlcm  of  conditlcmB  for  hlf^-altltude 

flights.  Neteorologlya  1  gidrologiya,  no.  4,  I960,  10-16. 


As  flights  In  the  upper  troposphere  and  lower  stratosphere  becoane 
■oie  frequent,  the  lsq>ortance  of  aeteorologleal  data  for  navigational  calcu¬ 
lations  Increases.  The  aeteorological  service  to  avlaikion  has  the  duty  not 
only  of  providing  weather  information  and  fox^castlng,  but  also  of  seeing  that 
effective  use  is  made  of  the  data  provided. 

^  Usually,  the  flight-performance  characteristics  of  an  aircraft  are 
stated  as  they  relate  to  conditions  of  the  Standard  Atmoszdiere  (SA).  Actually, 
these  characteristics  can  vary  considerably,  because  of  considerable  discrepan¬ 
cies  between  acoial  tenqierature,  pressure,  and  air  density  and  their  standard 
values.  Depending  upon  atmosi^rlc  conditions,  changes  occur  mainly  in  fuel 
consumption  irate,  propu’aive  force  of  the  motors,  vertical  velocity,  and  celling. 
High  celling  and  considerable  velocity  enable  modem  aircraft  to  make  flights 
in  the  lower  stratosphere,  l.e.,  above  the  clouds  which  usually  form  in  the 
troposphere  and  above  the  zones  of  intensive  turbulence  and  icing. 

The  meteorological  conditions  of  flight  Influence  economic  efficiency 
and  flight  safety.  Both  of  these  factors  must  be  considered  when  making  recoonen- 
datlons  and  giving  directives  for  avoiding  dangerous  meteorological  phenomena 
along  the  flight  route.  In  every  case,  the  correct  solution  to  this  problem  can 
be  found  only  after  a  thorou£d^  evaluation  of  the  effect  of  meteorological  factors 
upon  the  flight- performance  characteristics,  partictilarly  upon  the  ceiling,, 

For  the  majority  of  modem  airplanes,  the  celling  is  above  the  lower 
fringe  of  the  stratosphere  of  the  SA  (U  km).  For  these  altitudes,  the  baro- 
laetrlc  altitude  of  the  celling,  taking  into  account  the  actual  temperature  of 
the  air,  can  be  coaquted  according  to  the  formula 

Ppf  » - 1 - - - Pps  (1) 

1  + 


yhere  is  the  atmospheric  pressure  at  the  celling  under  the  conditions  of  the 
actual  atrosphere;  Ppg  Is  the  atmospheric  pressure  at  the  celling  xinder  SA  con- 
d' wions;  6  T  1b  the  discrepancy  between  actual  tenqKrature  eind  the  teKroerature 
under  SA  conditions;  Tg^  is  the  temperature  in  the  SA  stratosphere  (2l6.5*K); 
and  h^  Is  the  special  Indeit  expressing  the  percentage  of  the  change  xxi  engine 
thrust  idien  the  tesqperature  diverges  from  SA  tea^perature  by  one  degree. 

An  evaluation  of  the  influence  of  meteorolo^ca?.  factors  upon  the  ceiling 
should  not  be  limited  solely  to  a  consideration  of  the  discrepancy  between  the  air 
temperature  and  the  SA  tei^rature.  Such  a  limitation  wcmld  make  it  possible  to 
calctilate  only  tins  baupOB^tric  altitude  of  the  celling.  For  evaluating  the  meteoro¬ 
logical  conditions  of  flight  fuad  for  selecting  the  best  possible  flight  route 


fund  profile.  It  is  necessary  to  knov  the  absolute  altitude  (above  sea  level) 
of  the  ceiling,  .  Synoptic  eeteorology  and  aerology  indicate  the  distribution  of 
B>etcorological  elhnents  by  altitude  with  reference  to  sea  level.  Therefore,  in 
addition  to  baroMetric  altitude,  absolute  altitude  nust  also  be  known  in  order 
to  evaluate  neteorologlcU.  conditions  and  their  effect  upon  flight.  Once  the 
elevation  above  uea  level  of  the  flight  area  is  known,  it  is  easy  to  coaspate 
the  true  ad-tltude  from  the  absolute  altitude. 

An  aerological  dlagraa  can  be  plotted  for  calculating  the  barosntrlc 
and  absolute  altitude  of  the  celling.  On  the  ba^Hr  of  the  fomnla  (l).  Units 
were  calculated  within  which  the  barometric  altitude  of  the  ceiling  changes  in 
dependence  upon  different  values  of  air-temperature  deviation  from  the  tea^per- 
attire  under  SA  conditions.  The  index  was  taken  as  equal  to  -  l.^*  Usually, 
the  value  hu.  may  change  within  the  limits  from  -  1,0  to  -  5.5,  depending  on  the 
type  of  engine,  its  operational  conditions,  aititude,  eind  the  N  nuaiber.  The 
obtained  values  of  the  changes  of  aircraft  ceiling,  depending  upon  the  discrep¬ 
ancy  between  actual  air  tenqwrature  and  ter^ratrire  under  SA  conditions,  are 
plotted  for  altitudes  from  11  to  20  km  on  the  aerological  diagram.  (See  figure.) 


Example  of  co^puting  the  aircraft  ceiling  and  absolute 
altitude  for  scaling  on  an  aerological  diagram 
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The  figure  ehovrs  an  exaa^le  of  calculations  of  bai'ometrlc  and  absolute 
altitudes  of  the  ceiling  at  Tariona  leTels^  taking  into  account  the  actual  dis¬ 
tribution  of  pressure  and  teiqperature  by  altitude.  The  calculation  of  ceiling 
for  actual  conditions  of  the  atnosphere  can  be  done  vithout  difficulty.  In 
long-distance  flints,  the  calculation  of  the  ceiling  is  made  according  to  the 
data  of  soundings  over  seyeral  points.  Baric  topographic  charts  may  also  be 
used  for  this  purpose. 

Experiments  have  shown  that  considerable  fluctuations  of  the  ceiling 
can  be  expected.  Therefore,  for  economic  efficiency  and  flight  safety,  correct 
eTaluations  of  metebrologieal  conditions  along  the  flight  route  are  of  great 
iBg)03rtance .  These  evaluations  help  in  the  selection  of  flight  plans  to  avoid 
the  most  dangerous  meteorological  phenomena,  especially  the  zone  of  turbulence 
and  thunderstom  euctlvlty. 
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In  the  Soviet  Union,  Intensive  research  on  the  upper 
layers  of  the  atmosphere  Is  being  carried  out  by  means  of  power¬ 
ful  geophysical  rockets.  Along  with  their  Indisputable  advantages 
these  research  rockets  also  have  certain  disadvantages,  which  are 
particularly  evident  at  altitudes  above  100  km.  One  such  disad¬ 
vantage  Is  contamination  of  the  surrounding  space  with  gases  ema¬ 
nating  from  rocket  surfaces  and  Inner  compartments. 

The  USSR  was  the  first  to  use  an  automatic  container 
ejected  from  a  rocket  to  study  structural  parameters  of  high 
layers  of  the  atmosphere  at  points  distant  from  the  rocket  Itself. 
Several  versions  of  this  container  are  now  available  to  Soviet  r^e- 
searchers.  One  Is  stabilized  In  space  after  ejection  from  the 
rocket.  This  type  Is  necessary,  for  example.  In  the  study  of  so¬ 
lar  radiation.  Other  versions  descend  to  the  earth  by  parachute, 
bringing  back  the  sensitive  Instruments  (Plg.  l). 

These  containers,  now  widely  used  in  the  USSR  for  at¬ 
mospheric  research,  make  possible  the  more  reliable  measurement 
of  such  structural  parameters  as  neutral  and  Ionic  composition  of 
the  atmosphere  and  Its  density,  temperature,  and  pressure.  They 
are  also  used  In  the  study  of  ultraviolet  and  X-ray  regions  of  the 
solar  spectrum,  corpuscular  radiation,  solid  Interplanetary  matter 
(meteorites  and  mlcrometeorltes) ,  and  alrglow. 

The  central  problem  In  the  Investigation  of  the  high 
layers  of  the  atmosphere  Is  the  study  of  their  composition.  With¬ 
out  knowledge  of  the  composition.  It  would  be  impossible  to  reli¬ 
ably  determine  other  parameters,  such  as  density,  temperature,  ra¬ 
diation  phenomena,  and  chemical  and  photochemical  reactions.  Air 
sampling  by  early  research  rockets  (19^9-1950)  aided  In  determin¬ 
ing  the  lower  limit  of  the  gravitational  separation  of  gases.  It 


Fig,  1.  Rigtrievable  autowatio  container 


Left  --  general  view  of  the  container  (without  parachute 
chaaber).  Right  --  coaplete  dlai^aa  of  the  container.  1  - 
braking  flaps;  2  -  parachute  chaaiberi  3  -  balloon  for  tak¬ 
ing  air  aamples;  4  -  preaaiire  gages;  5  -  Inatruaent  chaasber 


cajaerae;  7  "  plelmps  of  mlcri^Beteorlte  collisions; 
blng  spikes;  9  corrugated  (shock- 


was  exper-linentally  established  that  In  the  upper  atmosphere 
(-^lOO  km)  the  ratio  of  the  mass  of  nitrogen  to  the  mass  of  argon 
increases,  as  compared  with  the  surface  air  layer.  However,  no 
such  separation  of  ojcygen  and  nitrogen  was  encountered. 

The  search  for  new  ways  and  means  to  study  the  atmos¬ 
phere  above  100  km  has  led  to  the  use  of  the  radio- frequency  mass 
spectrometer  (Pig.  2),  which  can  measure  not  only  the  amount  of 
stable  neutral  components  of  the  atmosphere,  but  also  its  ionized 
component  (the  ionosphere).  Investigations  of  the  composition  of 


Pig.  2.  Improved  radio- frequency  mass  spectrometer 


the  atmosphere  with  the  radio- frequency  mass  spectrometer  were 
initiated  in  the  Soviet  Union  by  V.  G.  Istocilii  in  1957,  Since 
then,  a  grear  amount  of  experimental  data  on  the  ionic  composition 
of  the  upper  layers  of  the  atmosphere  has  accumulated.  In  com¬ 
paring  the  resulv-s  of  Soviet  Investigations  of  the  ionosphere  with 
the  results  of  American  studies  made  at  Churchill,  Canada,  ore  notes 
good  agreement  of  the  characteristic  features  of  the  Ionosphere, 
despite  the  fact  that  the  Soviet  investigations  were  carried  out 
at  middle  latitudes,  while  the  American  studies  were  done  at  high 
latitudes . 


The  investigation  of  the  light  gases,  hydrogen  and  heli¬ 
um,  Is  of  prijnary  importance  in  the  study  of  high  layers  of  the 
atmosphere.  Evaluations  made  by  Istomin  with  regard  to  hydrogen 
ions  have  shown  that  even  at  1000  km  these  ions  (as  well  as  those 
of  helium)  make  no  noticeable  contribution  to  the  composition  of 
the  ionosphere.  However,  Mg*^,  Ca*^,  Sl'^,  and  Fe'^  ions  were  detected 


Jn  a  narrow  range  of  altitudes  (from  100  to  110  km).  These  ions 
are  undoubtedly  the  products  (debris)  of  disintegrating  meteorltlc 
matter. 


Results  of  an  analysis  by  A.  A,  Pokhunkov  and  coworkers 
of  neutral  gas  particles  at  altitudes  of  200  to  210  km  can  be 
summed  up  as  follows?  In  the  middle  latitudes  of  the  European 
USSR  at  altitudes  of  the  order  of  100  km,  gravitational  separation 
of  nitrogen  and  argon  gases  was  noted.  Atomic  oxygen  was  recorded 
from  a  minlimim  altitude  of  100  km,  its  concentration  growing  up 
to  an  altitude  of  210  km.  For  a  correct  miderstandlng  of  processes 
occurring  in  the  high  atmosphere,  it  is  Important  to  know  the 
state  of  the  basic  component,  nitrogen.  Investigations  by  Pokhun¬ 
kov  have  shown  that  up  to  altitudes  of  200  to  210  km,  nitrogen 
Is  not  dissociated  into  atoms,  but  remains  primarily  (99^)  in  the 
form  of  the  inert  molecule  .  Analysis  of  neutral  gases  also 
showed  that  neither  hydrogen  nor  helium  could  be  found  in  amounts 
exceeding  10®  particles  per  cubic-  centimeter  up  to  altitudes  of 
210  km. 


Density  and  temperature  are  also  very  Important  in  the 
physics  of  the  upper  atmosphere.  Direct  measurement  by  rocket- 
and  satellite-borne  instruments  at  altitudes  exceeding  100  km 
have  been  responsible  for  changing  concepts  of  the  structure  of 
the  upper  atmosphere.  As  a  x*esult  of  investigations  conducted  in 
the  Soviet  Union  under  the  direction  of  V.  V.  Mlkhnevlch,  unique 
data  are  now  available  on  the  density  of  the  atmosphere  up  to  al¬ 
titudes  of  600  to  700  km.  The  data  obtained  by  the  third  Soviet 
satellite  deserve  particular  attention.  Pig.  J  is  a  diagram  show¬ 
ing  summarized  results  on  density,  while  Fig.  4  shows  temperatures 
of  the  high  layers  of  the  atmosphere,  as  obtained  by  V.  Y,  Mlkhne¬ 
vlch. 
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Fig.  3.  Oomparlscn  of  the  results  of  investigations  of  the 
density  of  the  atmusphere  obtained  by  rockets  and  satellites, 
with  pre-rocket  age  notions  of  the  structure  of  the  atmos- 


I 


h  [kn] 


Pig.  4.  Temperature  of  high  layers  of  the  atmosphere 


Data  obtained  by  Soviet  researchers  and  presented  on 
these  diagrams  have  been  incorporated  into  the  tables  of  the  Un¬ 
iversal  Standard  Atmosphere,  now  under  preparation  by  a  special 
international  commission. 

The  investigation  of  micrometeorites  stands  somewhat 
apart  from  the  study  of  the  structural  parameters  of  the  atmos¬ 
phere.  Micrometeorites,  which  penetrate  the  earth's  atmosphere 
In  huge  quantities  at  high  velocities  (up  to  70  ion/sec).  Interact 
with  the  gases  of  the  atmosphere  and  laay  be  the  source  of  a  num¬ 
ber  of  physical  and  chemical  phenomena.  Every  year,  more  and  more 
scientific  data  a.re  published  which  deal  with  this  Interaction. 
However,  until  now  no  direct  observations  could  be  made. 

Further  breakthroughs  In  studies  of  the  atmosphere  will 
entail  Increased  high- atmosphere  soundings  end  an  enlarged  soimd- 
Ing  network,  so  that  it  will  be  possible  to  Investigate  In  greater 
detail  the  space- -time  characteristics  of  the  upper  layers. 
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In  geophysics,  we  often  face  the  necessity  of  studying 
a  continuous  process  by  means  of  a  sequence  of  Individually  ob¬ 
served  values.  In  such  a  case,  the  problem  arises  concerning  the 
amount  of  information  needed  to  represent  in  space  or  time  a  geo¬ 
physical  phenomenon  or  process  with  a  given  degree  of  accuracy. 

In  a  magnetic  survey,  for  instance,  it  is  essential  to  determine 
the  minimum  density  of  the  network  of  atatlons  and  traverses  which 
is  still  adequate  for  demarcating  s  certain  class  of  anomalies. 
Similar  problems  arise  in  gravimetry  and  in  meteorology,  hydrology, 
and  oceanolofior  when  a  hydrometeorological  or  oceanographic  net¬ 
work  is  being  planned.  In  all  these  cases,  we  must  know  before¬ 
hand  the  number  of  points  or  stations  required  for  a  given  area. 

In  addition,  when  studying  the  nature  of  a  process  as 
it  develops  in  time,  we  may  have  to  ascertain  the  amount  of  in¬ 
formation  required  for  a  given  period.  Variations  in  the  earth's 
magnetic  field,  geomagnetic  activity,  and  the  ebb  and  flow  of  the 
ocean  tides  are  some  of  these  processes.  Because  of  the  lack  of 
a  strict  criterion  for  adequacy,  the  problem  is  being  solved  in 
geophysics  with  approximation  in  most  cases.  This  often  results 
in  a  waste  of  time  and  effort  or  in  incomplete  understanding  of 
the  process  under  study. 

The  author  believes  that  in  solving  such  problems  the 
arbitrary  element  can  be  eliminated,  and  a  rigid  criterion  re¬ 
garding  the  adequacy  of  information  can  be  established.  In  the 
theory  of  information,  which  serves  as  a  basis  of  today's  radio 
coamunlcation,  the  problem  of  the  mlnliaure  sufficient  amount  of 
individual  signals  related  to  continuous  processes  is  solved 
rigidly.  Tht  theoretical  foundation  for  this,  laid  down  by  V.  A. 
Kotel'nlkov,  is  presented  in  a  paper  by  M,  P.  Dolukhanov, 

We  assume  that  the  function  f(t)  expresses  some  physi¬ 
cal  process  occurring  in  space  or  time.  If  f(t)  satisfies 
Dlrlchlet's  requirements  and  does  not  contain  frequencies  ex¬ 
ceeding  Pqps,  it  is  determined  by  all  ordinates  that  are  sep¬ 
arated  from  each  other  by  ’P  seconds.  If  function  f(t)  works 
during  time  T,  it  can  be  fully  represented  by  means  of  2  T  indi¬ 
vidual  ordinates.  It  follows  from  this  theorem  that  if  we  have 
to  transmit  information  on  a  continuous  physical  process  the 
continuous  function  f(t)  representing  this  process  can  be  wholly 
expressed  by  means  of  a  certain  number  of  individual  impulses. 

To  determine  the  optimum  number  of  impulses  in 


accordance  with  Kotel 'nlkoV s  theorem,  the  l\irtction  f(t)  must  be 
broken  down  Into  a  Fourier  series.  If  f(t)  is  a  periodical 
function  with  period  T  and  has  a  limited  spectrum,  then 
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where  a^  and  b]^  are  Fourier  coefficients.  If  the  function  not 
periodical.  It  still  can  be  repx*esented  within  the  given  Interval 
by  the  P  series;; 
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We  assume  that  within  the  interval i  the  function  f(t) 
Is  represented  by  the  Fourier  series  (with  sufficient  accuracy) 
by  means  of  n  harmonic  curves. 

If  the  frequency  spectrum  f(t)  covers  the  band  from 
Pj  to  F, ,  where  the  minimum  frequency  of  the  spectrum  of  the 
function  f(t)  is  F.  and  the  maximum  is  P, ,  then  the  number  of 
Impulses  N  needed  for  providing  enough  Information  on  a  given 
process  will  equal 


H  -  2TAP  (AF  F,  »Fj  ) , 

For  the  case  where  F^**  0, 


N  »  2n  (n  -  TF,  )* 

If  we  want  to  establish  not  the  number  of  impulses 
but  the  time  Interval  between  them  At,  tho  latter  can  be  deter<> 
mined  easily  from  the  expression 


It  Is  thus  possible  to  represent  by  means  of  the 
Kotel 'nikov  theorem  any  continuous  process  with  a  finite  spec¬ 
trum  by  a  sequence  of  impulses.  A  close  relationship  can  be 
88ld  to  exist  between  the  statement  of  the  problem  for  studying  certain  geo¬ 
physical  phenomena  asnd  the  theory  of  Information  In  communication. 

following  -example  should  demonstrate  that  some 
methods  of  the  Information  theory,  particularly  the  Kotel ‘nikov 
theorem,  can  be  successful ly  applied  in  geophysics. 
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Ttifi  task  18  to  detamlne  the  tine  Interval  for  which 
data  are  needed  on  the  diurnal  variatinna  of  the  earth's  aagnet- 
Ic . field  at  a  given  point  in  order  to  obtain  a  full  representa^ 
tion  of  these  variations  during  a  period  of  24  hours.  Function 
f(t)  is  plotted  on  the  diagraa  (see  illustration^  upper  curve) 
at  a  given  place  fro«  the  data  of  a  given  station. 


After  expanding  the  curve  in  the  Fourier  series  we 
determine  that 

h“3  ~ 

f  (t)  •*  y*  aj^cos  ““'“p . -"“i  ^9  *"  ^nax  “  3# 
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If  «  2n  6i 

i.e.,  the  adequate  number  of  Individual  signals  showing  the 
variations  of  the  magnetic  field  on  calm  dST-s  at  a  given  point 
equals  6.  Since  in  this  case  the  period  T  »  24  hours,  then 
At  «  T/ti  ■»  4,  which  w^ans  that  time  intervals  of  four  hours  are 
sufficient  for  representing  f(t)  of  the  diurnal  variations.  Ohe 
method  of  the  exact  determination  of  At  la  of  ever-growing  im¬ 
portance  in  geophysics,  where  automation  and  radio  cosmainlcation 
are  being  intrc^uced  on  a  wide  scale. 


I 
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SUBJECT:  AID  Work  Assl^ment  No.  32  (  National  Weacher 
Service,  USSR),  Report  1,  Paragraph  >  t 

SOURCE:  Khzmalyan,  K.  A.  Popularl2Atlon  of  hydro- 

neteorologloal  knowledge .  Meteorologlya 
1  gldrologlya,  no,  2,  i960,  51-53. 


Since  1959>  the  Soviet  press  has  been  giving 
extensive  coverage  to  scientific  activity  In  the  field 
of  hydrometeorology.  During  the  period  f rc t*.  August  to 
October  1959»  more  than  200  articles,  reviews,  and  re¬ 
ports  were  published  In  the  national,  republic,  and  re¬ 
gional  newspapers , 

Of  particular  Interest  were  reports  dealing 
with  research  on  atmospheric  electricity  conducted  by 
the  Main  Geophysical  Observatory  and  the  successful 
experiment  its  the  use  of  radio-controlled  aircraft 
models  for  meteorological  Investigations  also  conduct¬ 
ed  by  that  Institution. 


SUBJECT?  AID  Work  Assignment  No.  32  (National  Weather  Service, 
USSR),  Report  1.  Paragraph  ^ 

SOURCE:  Dletze,  Gerhard.  The  Importance  of  artificial  earth 

satellites  for  atmospheric-optical  research,  Zelt- 
schrlft  fur  meteorologle,  v.  12,  no,  3*  1958>  73-84. 


ABSTRACT:  On  the  basis  of  geophysical  and  astronomical  data, 
the  author  discusses  questions  concen:iing  the  types  of  atmos¬ 
pheric -optical  measurements  which  are  currently  being  made, 
or  which  will  be  made  by  means  of  artificial  satellites.  An 
earth  satellite  can  be  used  for  atmospheric  measurements  In 
two  ways:  (1)  as  a  secondary  source  of  light,  which  it  reflects 
from  the  sun;  and  (2)  as  a  carrier  of  optical  measuring  Instru¬ 
ments, 


The  conditions  in  the  three  illumination  zones  —  the 
umbra,  the  penumbra,  and  the  shadow-free  zone  —  are  analyzed, 
and  their  relations  with  atmospheric  optical  effects  are  dis¬ 
cussed.  These  factors.  In  association  with  the  reflective 
properties  of  the  satellite  and  the  light  extinction,  determine 
the  degree  of  satellite  luminosity  which  can  be  calculated  by 
means  of  dlagrauas  and  tables.  The  satellite,  when  used  as  a 
carrier  of  optical  measuring  Instruments,  affords  certain  ad¬ 
vantages  which  are  not  available  when  measurements  are  made 
from  the  earth.  For  example,  sunlight  can  be  measured  before 
It  Is  diffusely  reflected  by  the  earth's  atmosphere.  On  the 
other  hand,  satellites  have  limitations.  One  of  these  Is  that 
It  must  be  equipped  with  Instruments  which  are  able  to  with¬ 
stand  the  Impact  of  starting  acceleration. 

The  appearance  of  satellites  as  new  Instruments  of 
geophysical  research  was  somewhat  sudden.  Before  the  first 
satellite  was  launched,  there  had  been  no  broad  exchange  of 
Ideas  on  Its  possibilities  for  many  fields  of  geophysical  re¬ 
search.  It  follows,  then,  that  these  possibilities  have  by  no 
means  been  explored  to  the  fullest  extent. 


SUBJECT!  AID  Work  AsBigniwat  No,  32  (Rational  Weather  Service^  USSR), 
Report  1.  Paragraph  L 

SOURCE)  Mirtor,  B.A.  InvestlgatlonB  of  the  compoeitlan  of  the  high 

layers  of  the  atmosphere  coodaeted  In  the  Soviet  Union  by  means 
of  rockets.  IE:  HIS  Oaaovyy  sostav  atmosfery  semll  1  metody 
yego  anallza  (Gaseous  composition  of  the  earth's  atmosphere 
and  methods  for  its  analysis).  Moskva,  Izd-vo  AJcademiya  nauk 
SSSR,  1961.  105-143. 


Introduction 

Rocket  investigatlcms  of  the  chemical  composition  of  the  atmosphere 
were  begun  in  the  Soviet  Union  in  1949»  l.e.,  at  approoclmately  the  same  time 
that  similar  vork  was  undertaken  abroad. 

The  vork  conducted  in  our  country  differs  from  foreign  research  as 
to  the  methods  of  taking  atmospheric  samples  (the  sample  is  taken  at  a  con¬ 
siderable  distance  from  the  rocket)  and  the  analysis  of  the  samples. 

Powerful  Soviet  rockets,  capable  of  lifting  heavy  payloads,  are 
equipped  with  special  mortars,  into  which  autcsuitlc  capsules  are  inserted; 
these  capsules  carry  the  research  instruments  (including  cylinders  for  taking 
samples).  At  an  altitude  specified  in  the  program  apparatus,  the  capsules  are 
thrust  from  the  mortar  and  begin  free  flight  in  the  eai*th's  gravitational 
field.  Since  the  axis  of  the  mortar  is  set  at  a  particular  angle  to  the  axis 
of  the  rocket,  the  capsules  ajre  thrust  to  (me  side  of  the  rocket's  path.  The 
capsules  leave  the  rocket  behind,  and  thus  leave  the  danger  zone  where  the 
ecBipoeitlou  of  natural  gas  may  be  hi£d>ly  distorted  by  "parasitic”  gases  as¬ 
sociated  with  the  rocket.  The  ejection  the  (»zpeule  from  the  mortar  occurs 
even  before  the  rocket  reaches  the  altitude  specified  for  the  taking  of  the 
samples.  This  Is  done  so  that  the  capsule  can  withdraw  as  faur  as  possible 
from  the  body  of  the  rocket  and  be  "ventilated”  as  much  as  possible  and  freed 
from  the  residue  of  c(mtaminating  gases  which  are  always  present  in  small 
quantities  in  the  Mpeule.  After  all  of  the  vork  on  the  automatic  capsule 
has  been  completed,  and  it  is  cm  tha  descending  portion  of  its  trajectory,  a 
parachute  is  opened  and  all  of  the  fragile  glass  apparatus  is  carefully  low¬ 
ered  to  the  esurbh. 

Unlike  the  American  and  British  researchers,  who  use  the  physical- 
chemical  method  for  analysing  the  smnples  obtained,  Soviet  researchers  use 
the  spectral  Mthod.  This  method  makes  it  possible  l)  to  maJce  a  quantita¬ 
tive  analysis  of  the  principsil  components  (oxygen,  nitrogen,  argcm)  in  vol¬ 
umes  of  measured  in  tenths  cxr  even  hundredths  of  a  cubic  milUmeter  (at 
normal  surface  pressure),  and  2)  to  investigate  the  composltlcm  of  the  at¬ 
mosphere  to  altitudes  ot  the  order  of  110  km  with  satisfactory  auscuracy 
(5  to  %), 


The  special  characteristics  ct  rochat  Investigatlcms  of  the  eompc- 
BitiOQ  of  the  atmoepheze  at  great  altitudes  are  such  that  the  entire  experi¬ 
ment  may  be  broken  down  into  three  parts;  sampling,  8t<»«ge  of  samples,  and 


aDAlysis  of  saasples.  Since  each  of  these  aspects  has  taken  on  Independent 
significance,  they  are  discussed  separately  In  the  next  three  sections. 


1.  Saapllng 

We  used  glass  cylinders  for  taking  the  samples  of  gas;  these  have 
special  seals.  The  cylinders  vere  placed  in  a  capsule  which  the  rocket  de¬ 
livered  to  the  reqxilred  altitude. 

Capsule,  The  capsule,  vdioee  exterior  is  shown  in  Fig.  1,  is  a 
metal  cylinder  approximately  3  long  and  40  cm  in  diameter.  The  capsule 
is  omde  up  of  several  Independent  conpartments .  The  top  compeurtment  is  the 
parachute  compartment^;  below  this  is  the  unhoused  and  easily  ventilated 
compartment  J  which  cairries  the  measuring  apparatus;  next  ccmes  the  instru¬ 
ment  compartment  and  finally,  the  power  ccmpartment  ^  .  The  cowl  of  the 
parachute  compartment  Includes  a  system  of  braking  plates  which  orient  and 
brake  the  capsule  until  the  parachute  opens.  At  the  end  of  the  capsule  are 
a  thin  metal  coirrugated  cone  emd  steel  rods  which  serve  cub  shock  absorbers 
for  softening  the  impact  of  the  capsule  when  it  strikes  the  ground  after  its 
parachute  descent. 

The  entire  design  of  the  capsule  is  geared  to  two  principal  re¬ 
quirements:  to  carry  out  the  set  program  of  reseaurch,  and  to  maintain  vacuum 
purity.  The  latter,  to  a  very  considerable  extent,  depends  on  clean,  eafelly 
washable  surfaces,  and  the  absence  of  "pockets"  in  which  near-surface  air 
could  be  transported  aloft  and  there,  slowly  escape  from  beneath  some  com¬ 
pression  and  systematically  contaminate  the  surrounding  space.  Therefore,  the 
auxiliary  compartments  2,  ji,  and  y  sue  made  rigidly  airtight,  while  conpart- 
ment  J ,  oa  the  contrary,  is  made  as  open  as  possible  for  the  purpose  of  per¬ 
mitting  the  measuring  instruments  to  have  free  access  to  the  surrounding  gas. 

Vacuum  purity  is  of  decisive  importance  for  taking  samples  experi¬ 
mentally.  The  parachute  can  cause  very  great  euinoyance  in  this  respect.  The 
parachute  fills  its  compartment  and  is  a  huge  reservoir  of  near-surface  air. 
During  the  ascent  of  the  rocket,  the  great  amount  of  tightly  packed  material 
cannot  be  deaerated,  and  a  special  system  is  therefore  used  to  hermetically 
seal  the  parachute  compartment.  The  entire  parachute  compartment  is  covered 
by  a  protective  metal  hood  which  is  fitted  cm  a  base  plate,  thus  hermetically 
sealing  the  entire  source  of  danger*  The  protective  hood  Is  cast  off  just 
prior  to  the  opening  of  the  parachute,  when  the  entire  program  of  scientific 
research  in  the  capsule  (including  the  taking  of  samples)  b&s  long  been  com¬ 
pleted. 


It  Is  necessazy  to  maintain  atmosj^erle  pressure  in  compartments^ 
and  y  in  order  to  ensure  the  normal  operation  of  all  the  automatic  instru¬ 
ments  and  power  sources  enclosed  therein.  The  ssocrth  sux^aces  of  all  the 
eomvartments  maks  it  easy  to  thoroughly  wash  them  and  free  tbm&  from  grease 
before  they  enter  into  fU^t. 

The  unhoused  compartment,  which  csufrles  the  cylinders  for  the 
taking  of  samplas,  is  shown  separately  in  Fig.  2,  Metal,  glass,  and  porcelsdn 
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Pig.  1.  Autcnatie  c«p«ul« 

1  —  braking  platan  uaad  in 
the  recovery  eyetMi;  2  —  para¬ 
chute  eomparteent;  5  —  unhouaed 
coapartiMnt;  4  —  glass  cylinders; 

5  ..  lastnnent  conpsurtaent; 

6  —  portholes  to  adait  light  for 
the  cajBerasi  7  —  poeer  ccaqpariawnt; 

3  —  shock-abs<»rbent  coae;  9  steel 
rods  for  absoxt>ing  shocks  during  the 
lUQdlng  of  the  capsule. 


Fig*  2*  Unhoused  eonpartsMnt  of 
capsule  vith  cyllnden  for  taking 
ssasples  for  altitudes  of  less  than 
100  ka 
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ar«  used  in  this  eanpertment  to  ensure  sn  adequate  Tacuum;  a  minimum  amount 
of  vaeuun  znibber  is  paxwltted  in  the  form  of  thin  cushions  used  vhen  attach¬ 
ing  the  glass  cylinders  to  the  inner  metal  crosspiece*  The  required  elec¬ 
trical  TOltage  and  the  eonaands  from  the  progresdng  equipment  ore  conveyed 
froa  the  instruaent  compartment  and  the  power  eoBqpartmant  to  the  cylinder 
seals  throu^  special  vsicuubi  outlets  by  means  of  bare  copper  leads  mounted 
on  porcelain  Izuulators* 

A  ner  model  of  the  unhoused  ccmpaurtment  has  recently  been  devised. 

It  makes  it  possible  for  the  cylinders  to  be  extended  somewhat  outside  the 
body  of  the  capsule.  Fig.  3  is  a  photograph  of  such  a  eompajrtment .  The  re¬ 
vamping  of  tha  unhouaad  compartaant  was  deemed  necessaury  becattse,  at  the  great 
altitudes  under  Investigation,  the  results  of  the  auialysis  of  the  samples  were 
influenced  by  tha  liberation  of  gases  from  these  surfaces  of  the  capsule  which 
were  directly  accessible  to  the  inlet  of  the  cylinder.  At  aatltudes  of  the 
order  of  110  to  113  km^  the  free  paths  of  molecules  are  so  great  that  the  mole 
cules,  in  moving  away  from  tha  ”appau*ent”  surface  of  the  capsule^  cam^vithout 
hindrance,  enter  the  cylinder  and  distort  the  compoeltlon  of  atmospheric  gas. 
It  is  therefore  necessary  that  the  inlet  of  the  cylinder  be  oriented  in  such 
a  way  that  tha  sasqple  will,  to  a  ccmsidarable  extant,  be  safeguarded  from 
undesirable  contamination  by  gases*. 

Bafore  the  flight  the  aaswabled  capsule  is  carefully  washed  with 
alcohol  and  thorou^ly  wiped.  It  is  then  delivered  to  the  rocket  in  a  special 
Jacket  in  preparation  for  the  launching.  The  capeule  Is  inserted  in  the 
mortar  in  such  a  way  that,  upon  removal  from  the  special  protective  Jacket, 
its  surface  will  come  into  as  little  contact  with  the  crev*s  hands  as  possible 
The  porpoee  of  these  operations  is  to  minimise  the  contaminating  influanca  of 
the  capeule  on  the  surrounding  medium,  the  parameters  of  which  mtist  be  meas¬ 
ured. 


Cyl  inders.  In  ocmtzastto  the  Americans,  who  use  steel  cylinders 
for  sampling,  glass  cyxinders  are  used  in  our  resesurch.  The  difference  is  by 
no  means  Mcidental.  Vhen  making  an  analysis  of  gases  for  oxygen  ve  should 
not  use  metal  as  a  container  for  the  storage  of  the  sample.  Because  of  oty- 
gen's  great  chemlesJ.  activity,  it  usually  ooddizes  metal  surfaces  and  is  lost 
for  analysis^H^.  Tha  vails  of  a  glass  cylinder  are  In  this  respect  unques¬ 
tionably  superior.  Unfortunately,  there  were  great  difficulties  associated 
with  the  safe  recovery  of  the  glass  cylinders.  However,  these  difficulties 
have  been  eliminated  and  have  made  it  possible  to  get  a  considerable  number 
of  seagplet  from  altitudes  of  the  order  of  100  km* 


*  For  lesser  altitudes  (less  than  100  km),  the  extenslmx  of  cylinders  outside 
the  capeule  proper  is  not  of  great  Importance  because  the  free  paths  of 
molecules  are  short  and  the  amount  of  surrouzding  gas  is  great  enough  to 
permit  the  Influence  of  desarpticm  free  the  surface  (a  veil- finished  sur¬ 
face)  to  be  ignored. 

**  As  already  mentioned,  this  explains  the  id>sence  of  oxygen  In  the  steel 
cylinders  used  by  American  researchers. 
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Fig.  3,  Canpftrtment  of  capsule  with 
“extensible"  cylinders  fcor  taking 
samples  fraa  altitudes  of  more  than 
100  km 

The  shields  are  closed  before  and 
after  the  samples  are  taken. 


Fig.  4^  Drawing  of  a  small  glass 
cylinder 

1  --  tubular  extensions  for  f'using 
the  cylinder  into  the  analytical 
vacuum  pump;  2  —  seal  heater; 

5  —  cylinder;  4  -»  spaure  tubular 
extension  for  fusing  the  cylinder 
to  the  pump  during  the  control 
evacuation;  5  —  point  at  which 
the  cylinder  is  removed  after  the 
initial  evacuatiOTi;  ^  coristric- 
tion  for  removing  the  cylinder 
erfter  the  ccxitrol  evacuation. 


Fig.  5*  External  appearance  of  the  large 
and  snmill  glass  cylinder#  for  the  taking 
of  samples 

The  cylinders  are  supplied  with  seals  using 
ceresln. 
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rflin»wal)ed  cyllridera  with  a  capacity  of  approximataly  three  litex'-s  were  ueed 
in  the  work.  From  altitudes  of  80  to  95  km  these  cylinders  famished  the  labora¬ 
tory  with  5  to  4  cubic  milllraeters  (at  normal  air  pressure).  Since  spectral  anal¬ 
ysis  makes  it  possible  to  analyte  far  smaller  volumes  of  gas,  small  cylinders  with 
a  capacity  of  400  cm*  were  used  in  the  experiments.  Fig.  4  is  e.  sketch  of  such  a 
cylinder.  Cylinders  of  small  eapacitv,  being  less  fragile,  have  an  advantage  over 
large  cylinders  when  they  are  being  recovered.  Pig.  5  shows  the  exterior  of  both 
cylinders. 

The  preparation  of  a  glass  cylinder  for  a  flight  involves  two  stages:  the 
preliminary  stage  and  the  launching  sta^e. 

In  the  preliminary  stage  the  cylinder,  provided  with  a  seal  (to  be  described 
below),  undergoes  special  thermal-vacuum  processing  in  order  to  eliminate  moisture 
and  various  kinds  of  occluded  gases  from  it.  The  cylinder,  having  been  washed 
with  alcohol,  is  evacuated  for  8  to  10  hours  with  a  vacuum  pump  until  a  pressure 
of  the  order  of  10"*  mm  Hg  is  attained.  At  the  same  time  the  glass  is  heated  to 
a  temperature  of  500  to  400*C. 

In  the  launching  stage  we  are  concerned  with  the  fact  that  the  processed 
cylinder  is  not  usually  sent  into  flight  at  once.  It  may  lie  at  rest  for  a  con- 
eidersble  time  (months)  before  it  is  used.  During  the  interim,  a  certain  amount 
of  ‘  parasitic”  gas  may  be  liberated  within  the  cylinder.  The  cylinder  is  thej«efore 
evacuated  again  immediately  before  the  launchii-g.  For  use  in  such  repeated  (con¬ 
trol)  evacuation,  the  cylinder  has  an  extra  outlet  by  which  the  evacuated  cylinder 
ar.  be  fused  to  the  pump  and  then  opened  without  air  entering.  This  operation  is 
tarried  cut  on  the  day  before  the  flight  by  using  the  mobile  high- vacuum  pump 
tured  in  Pig.  6*.  The  cylinder  is  not  reheated  on  this  occauBiem. 


Fig.  6.  Portable  high- vacuum  puiTip 


*  The  pump  was  designed  by  A, A.  Baykov. 
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The  method  used  for  preparing  the  cylinder  possesses  the  poeitive  advantage 
of  making  it  possihle  to  make  a  preliminary  checking  of  the  airtlghtness  of  the 
seal  before  the  experiment  gets  under  vay*  If  it  is  found  that  there  is  increased 
pressure  in  the  cylinder  at  the  time  it  is  opened  for  the  check  (10“*  mm  Hg  or 
more),  the  cylinder  is  rejected  and  is  not  used* 

Seal,  The  seal  is  the  most  important  part  of  the  cylinder.  The  use  of 
glass  cylinders  requires  the  use  of  glass  seals  because  metal  stoppers  can  nullify 
all  the  advsuitages  of  the  glass  wixich  were  mentioned  above. 

In  view  of  the  fact  that  the  vol'mae  of  gas  entering  into  the  cylinder  is 
measured  in  the  cubic  millimeters,  and  even  hundredths  of  cubic  millimeters,  the 
seal  should  meet  a  series  of  rigid  requirements: 

1)  The  seal  should  be  fully  airtight  both  before  and  after  the  sample  is 
taken; 

2)  During  processes  associated  with  the  opez*atlon  of  the  seal,  there  should 
be  no  liberation  of  "parasitic"  gases  in  volumes  dangerous  for  analysis  of  the 
sample.  If  a  lubricent  is  used  in  the  seal  it  should  not  enter  into  z^actioo.  with 
the  gases  of  the  sample; 

The  seal  should  have  a  large  mouth  but  a  short  inlet.  If  this  requirement 
is  not  observed,  in  those  z*egion8  of  the  atmosphere  tdiere  the  free  paths  of  mole¬ 
cules  become  greater  than  the  dimensions  of  the  Inlets  (Knudsen  effect),  there 
may  begin  a  forced  liberation  of  gases  in  accordemce  with  their  atomic  weights; 
the  light  gases  will  penetrate  into  the  cylinder  more  rapidly  than  the  heavy  ones; 

4)  The  seal  should  be  ready  for  use  for  a  long  time  after  its  "charging." 

This  period  of  time,  like  storage  time,  may  be  a  matter  of  months.  It  is  extremely 
desirable  to  have  a  seal  which  can  be  used  repeatedly  so  that  it  may  be  checked 
frequently  in  the  laboratory; 

5)  The  seal  should  operate  a.'.tOKiatlcally  and  should  be  as  simple  as  |>os8ible; 
it  should  not  he  cumbersome,  nor  should  it  consume  a  great  amount  of  pcsrer  from 
the  batteries. 

The  creation  of  a  seal  meeting  the  above  requirements  vas  quite  a  complex 
matter.  Many  versions  of  seals  were  tested  for  the  solution  of  this  problem; 
here  are  some  of  them: 

1)  An  ordinazy  vacuum  ,'»eal  with  a  vacuum  lubricant; 

2)  Remelting  of  the  glass  inlet  of  the  cylinder  by  means  cf  an  electric 
heater,  with  subsequent  flattening  of  the  heated  part  of  the  tube; 

5)  Remeltlng  of  the  glass  inlet  of  the  cylinder  by  an  electric  heater,  with 
the  tube  being  plugged  by  a  dry  glass  plunger;  fusing  of  the  polished  surfaces; 

4)  A  polished  glass  plug  with  silver  chloride  used  as  a  sealer; 

5)  A  seal  bascfd  on  "optical  contact;" 
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6)  A  v&euvaa  s«al  vlth  pleen*  used  as  a  lubrlcantj,  the  picene  melts  the 

seal  1b  in  use; 

7)  A  mercury  seal; 

3)  A  vacuum  seal  vlth  ceresin  used  as  a  Ixihrlcant  (melting); 

9)  A  seal  vlth  a  flat  surface^  ceresin  being  used  as  a  lubricsTit  (melting). 

By  no  means  did  all  these  poesibllltles  prove  to  be  suitable  for  practical 
utilisation*  For  example.  It  vas  found  immediately  that  an  oxdinary  vacuus^  seal 
vlth  a  vacuum  lubricant  could  not  be  used.  The  jreasans  for  this  are  as  follovs; 
The  lubricant  enters  into  a  chemical  reacticn  vith  the  oxygen  in  the  sample,  and 
during  prolonged  storage  it  dries  out  and  the  seal  can  no  ]onger  be  turned  easily. 
The  airtightnesB  of  the  seal  is  destroyed  vhen  the  lubricant  dries  out.  The 
drylng“Out  entails  the  evaporation  of  the  volatile  fractions  of  the  lubricant. 
These  volatile  fractions  in  turn  enter  the  cylinder  and  ruin  the  sampj.e  . 

All  seals  prepared  from  f'vised  glass  could  be  used  for  sampling  at  lov  altl> 
tudes  (up  to  30  km)  but  vere  completely  unsuitable  vhen  it  was  necessary  to  take 
samples  from  altitudes  of  the  order  of  100  km.  As  is  veil  kncwm,  large  volumes 
of  gases  such  as  CO,  0,,  00,^,  etc.,  are  liberated  during  the  melting  &t  glass. 

In  the  case  of  the  melting  of  naxTOV  capillaries  vhen  the  density  of  the  8ur<- 
rounding  medium  is  high  (low  altitudes),  the  gases  liberated  during  the  heating 
process  cannot  significantly  influence  the  composition  of  the  sample  tcOcen.  The 
reverse  picture  is  ^served  vhen  samples  are  taken  at  high  altitudes:  the  lov 
preBB\jre  in  the  surrounding  medium  (10"*  to  lO”®  rsm  Hg)  and  the  need  for  melting 
the  vide  inlet  (see  above)  lead  to  a  strong  contamination  of  the  gas  sample* 

Approximately  the  same  considerations  might  be  mentioned  in  respect  to  the 
use  of  plcene  and  silver  chloride.  The  melting  of  these  substances  is  aceom* 
panled  by  the  abundant  liberation  of  parasitic  gases.  Hot  only  does  silver 
chloride  require  a  rather  high  temperature  and  an  extraordinarily  rigid  heat 
regime  for  it  to  melt,  hut  in  addition  it  does  not  always  yield  the  required 
vacuum  seal. 

The  attempt  at  designing  a  seal  to  be  used  in  the  airtight  sealing  of  the 
inlet  of  the  cylinder  on  the  basis  of  an  optical  contact  between  two  polished 
surfaces  vas  unsuccessful  because  the  use  of  this  arrangement  would  require 
too  heavy  and  complex  am  appeuratus  and  would  provide  no  guarantee  of  reliable 
operation  of  the  seal. 

Only  three  of  the  seals  mentioned  in  the  list  are  suitable  for  use  in 
practical  work;  the  mercury  seal,  the  vacuum  seal  lubx^lcated  by  ceresin,  and  the 
flat“8U3rfaiced  seal  lubricated  by  cezasln.  We  will  give  a  brief  description  of 
the  seals  used. 

The  Mrcury  seal  illustrated  in  Fig.  7  is  a  8y8t«B  of  dry  plungers,  carrying 
springs,  and  mercury.  Its  principle  of  operaticm  can  be  described  as  follows: 

After  the  evacuated  cylinder  is  opened  and  the  sample  is  taken,  the  inlet  is 
closed  by  the  two  internal  dry  plungers,  vith  the  space  bet^en  them  being  filled 
with  mercury.  The  mercury  plug  fcmned  in  this  msumer  is  an  excellent  vacuum  seal. 
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Pig*  7*  Diagram  of  the  rnsrewcy  seal  (a)  before  taking 
sas^le  and  ’’b)  after  taking  sasqple 

I  —  ”cap'*  for  inlet;  2  —  small  hammer  ^Ich  breaks  the 
’’cap";  3  --  electrodes  vhich  hold  the  internal  parts  of 
the  seal  in  a  raised  positicm;  4  >7  section  of  an  elec¬ 
trode  melted  by  the  current  at  the  moment  of  closing  of 
the  cylinder;  5  —  outer  part  of  the  seal;  6  —  throat 
of  the  cylinder;  7  —  supporting  vasher;  3  —  sparing; 

9  —  plunger;  10  —  pamp  filled  vlth  mercury; 

II  —  spiring;  12  —  plunger  of  outlet  valve. 
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Th0  mercury  eeal,  however,  has  one  substantial  shortcoming;  it  Is  heavy  and  frag¬ 
ile.  The  mercury  seal  vas  therefore  replaced  by  a  simpler  and  raore  convenient 
seal  using  ceresin. 

This  seal  Is  an  ordinary  vacuum  seal  with  high-quality  polishing  and  an  inlet 
of  approximately  1  cm*.  Ceresin  is  used  as  a  lubrlcsuit  for  the  seal.  Ceresin 
(mineral  wax)  is  a  mixture  of  solid  high-polymer  paraffin  hydrocarbons  of  the 
series  Cq  fi^  ^  and  is  a  solid  at  room  temperature;  it  melts,  depending  on  lis- 
tillation,  KSo*  to  100*.  Our  work  has  made  it  clear  that  ceresin  distilled  in  a 
vacuum  in  both  the  molten  and  solid  states  does  not  release  "parasitic”  ^ses  in 
quantities  sufficient  to  influence  the  results  of  analyols  of  the  sample.  At  the 

same  time,  because  of  its  chemical  inertness,  ceresin  does  not  enter  into  appre¬ 

ciable  reaction  with  the  principal  components  of  the  sample  (N^,  0  ,  A).  The 
mechanical  properties  of  ceresin  are  also  very  valuable:  in  the  solid  state  it  pos¬ 
sesses  great  mechanical  strength,  and  in  the  liquid  state  it  has  an  extremely  small 
coefficient  of  viscosity.  Because  of  this  tne  plug  in  the  seal  turns  very  easily 

in  the  molten  ceresin  and  sets  very  tightly  as  soon  as  the  cer?;sin  cools.  If  the 

plug  is  highly  polished,  the  solidified  ceresin  creates  a  perfect  vacuum  seal. 

The  design  of  the  seal  Itself  Is  quit®  simple  (Fig.  8).  The  seal  turns  by 
two  spiral  springs  J.  On  the  sleeve  5^  of  the  seal  there  is  moxuited  a  ai chrome 
spiral  6  —  the  heater,  which  is  insxiiatiJd  by  the  glass  jacket  6  from  the  sur¬ 
rounding  space.  In  addition,  the  seal  is  supplied  with  a  locking  device  2  which 
holds  the  seal  in  the  required  position  ajud  then  frees  it.  This  "stopper"  is  a 
short  wire  which  holds  the  plug  of  the  seal  while  it  is  ‘being  turned*  By  melting 
the  wire  with  an  electric  current  at  the  appropriate  time,  it  is  possible  to  free 
the  seal  plug  for  subsequent  turning.  Before  opening,  the  seal  is  in  a  "raised" 
position,  i.e.,  the  plug  closes  the  inlet  and  is  firmly  seated  In  the  cold  ceresin 
and  the  springs  are  taut.  When  the  seal  is  opened,  the  hearer  melts  the  ceres;! n 
and  frees  the  plug;  the  latter,  turning  under  the  influence  of  the  springs  for  a 
qusurter  turn,  opens  the  inlet  and  is  held  in  this  position  for  10  seconds  by  the 
"stopper."  During  this  time  the  gas  enters  into  the  evacuated  cylinder  and  the 
pressure  in  it  becomes  equal  to  that  on  the  outside.  Then  the  "stopper",  holding 
the  plug,  is  melted  by  the  current,  acid  the  plug,  on  turning  still  more,  again 
closes  the  inlet  to  the  seal;  the  heater  ia  switched  off,  and  the  solidifying 
ceresin  creates  the  necessary  vacuum  seal. 

The  switching  on  and  off  of  the  heating  device  and  the  actuating  parts  of 
the  seal  is  accomplished  by  a  distributor  mechanism  at  strictly  detemined 
fflcments.  Because  of  this  the  altitude  at  which  the  sample  Is  taken  will  always 
be  known  x^d^wly*  addition  to  the  computed  time  curves,  speclaLl  bulbs 
light  up  in  th®  instrument  corapeurtment  when  the  cylinders  (^n  and  clOi.e;  these, 
together  with  the  other  instruments,  are  j^iot ©graphed.  Signal  flares  help  to 
determine  mcn^  precisely  the  altitudes  at  which  the  samples  are  taken. 
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Flg«  8.  Vacuum  soal  enploylng  casnssin 

1  —  tuba  for  fusing  the  cylinder  con- 
tainiiag  the  aamyle  tc  the  vacuum  pumpi 

2  —  locking  mechanism;  3  springs; 

4  metal  supprjrt;  5  ***  seal  coonec*' 
tionj  6  --  electric  heater;  T  —  leads 
for  electric  heater;  3  •  outer  Jacket; 

9  inlet  of  cylinder;  10  —  inlet  in 
seal  plug  (the  position  shoim  is  vhen 
the  seal  is  closed). 


The  most  acceptable  seal  is  cme  vith  a  flat  outer  surface  vbich  makes  it 
possible  to  have  a  largo  inlet  and  a  short  throat  in  the  cylinder.  This  seal 
is  shown  In  Fig.  9*  Its  operating  principle  is  essentially  as  follows:  A 
flat  flange  is  turned  (»i  the  throat  of  the  glass  cylinder  in  such  a  vay  that 
a  hollow  space  mBSd.ns  vithin  the  flange.  A  nlchrcae  spiral  is  fused  in  this 
space,  with  the  ends  leading  <xiteard.  The  spiral  lesda  to  the  heater  which 
warms  the  ceresln.  'Hie  «9uter  side  of  the  flange  is  po7klsbed  <m.  a  plaoe  polish¬ 
ing  lathe;  the  accuracy  of  the  plane-parallel  polishing  is  held  within  the 
limits  of  1  to  2  ffiicr^M.  The  top  of  the  seal  is  also  esurefully^  polished. 

The  two  surfaces,  polished  in  this  manner  and  lubricated  with  a  thin  layer  of 
ceresln,  ensure  a  good  vacuum  seal.  Unlike  an  ordinary  vacuum  seal,  the  flat 
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surface  holds  a  vacuum  irtian  the  carasln  is  still  molten,  even  when  the  difference 
of  pressure  within  and  outside  the  closed  cylinder  attains  1  atmosphere. 


J 


Fig.  9»  Foeltion  of  seal  with  fiat  surfaiie  in  the  cases  of  an 
open  (a)  and  closed  (h)  cylinder 

1  --  opening  spring!  2  —  turning  mechaulsiu!  5  —  tej  of  seal; 
4  —  closing  spring;  5  —  devices  to  hold  down  top  of  seal 
securely;  6  —  flange  of  throat  of  cylinder;  7  —  electric 
heater;  8  —  temlnsl  unit  for  electrical  supjiy;  9  —  upper 
tube  for  f-islng  of  cylinder  into  vacuum  pump!  10  —  cylinder 
for  taking  samples. 


The  mechanism  proposed  by  A. A,  Baykov  for  opening  and  cloeing  the  inlet  to 
the  cylinder  (dloroter  5  cm)*  can  also  be  used  with  a  system  of  spiral  springs. 
The  opening  of  the  cylinder  occurs  automatically  \rtien  the  ceresin  is  melted  and 
the  top  Is  drawn  to  one  side  by  the  taut  spring.  After  the  required  es^posure 


*  It  is  necessary  to  have  an  unwieldy  seal  in  order  to  make  such  an  opening  in 
an  ordinazy  vacuum  seal.  Thus,  the  diameter  of  the  plug  of  such  a  seal  in  the 
opening  should  about  10  as. 
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and  malting  of  the  aiqpropriate  locking  device,  the  top  is  again  returned  to  Its 
positlou,  but  by  meauis  of  another  spring*  In  order  to  safeguard  the  seal  from 
possible  arbitrary  opening  during  the  period  of  time  after  the  tiUcing  of  the 
samples  and  the  cooling  of  the  ceresin,  the  top  is  held  tightly  by  a  special 
device  «hlch  pK^vents  lateral  (slipping)  novesMnts*.  The  trsmsmlssion  of  the 
necessary  voltage  and  the  eoBauuad  Is  acearaplished  in  the  usual  manner  from  the 
programing  mechatnism  located  vithln  the  capeule*s  instrument  caapartment. 

2.  Storage  of  Samples 

Soa^  time  pMses  between  the  moment  when  the  sample  is  taken  and  the  moment 
when  it  is  analysed*  It  is  therefore  necessary  to  make  careful  study  of  the 
method  for  storing  the  collected  mlcroquantltles  of  gas  in  order  to  ensure  that 
there  will  be  no  change  In  their  composition* 

At  altitudes  of  an  order  of  100  km,  where  the  samples  are  taken,  the  free 
path  of  molecules  attains  several  centimeters*  Therefore,  In  an  oven^elming 
majority  of  eases,  the  molecules  of  gas  which  enter  the  cylinder  ecaistsuitly  eolUde 
with  its  walls*  Under  these  conditions  the  j^enosiena  of  sorption  are  most  clfarly 
expressed  and  can  resvilt  In  a  cwasiderable  change  in  the  composition  of  the 
trapped  sbub.  At  the  same  time,  under  the  indicated  c<»dltion8,  the  phenomena  of 
desorption  of  ”parasitle”  gas  by  the  walls  of  the  cylinder  are  facilitated,  which 
can  also  change  t^e  initial  composition  of  the  collected  sample. 

In  order  to  avoid  the  active  manifestation  of  these  undesirable  processes, 
or  at  least  to  minimise  their  harmful  Influence,  every  effort  should  be  made  to 
shorten  the  time  lapse  between  the  moment  i^en  the  sample  Is  taken  and  the  moment 
wlien  It  is  analysed*  In  the  work  described  the  time  was  decreased  to  2  to  5  days, 
but  even  this  apparently  la  not  adeq.uate*  On  the  other  hand,  the  retention  of 
collected  samples  —  their  "preservation"  over  a  long  period  of  time  —  is  a  proiblmn 
of  independent  importance*  There  always  remains  the  necessity  for  storing  the 
samples  In  the  laboratory  for  repeated  analysis,  and  for  storing  the  standard 
(reference)  mixtures  required  In  this  wwk* 

The  above  considerations  have  made  It  necessary  for  us  to  devise  the  "capil¬ 
lary  method"  for  prolonged  retention  (preservation)  of  small  volumes  of  gas  mix¬ 
tures* 

I7ie  capillary  method  for  the  storage  of  small  volumes  of  gas*  As  Is 
known,  the  sorption  i^enomna  are  associated  with  the  surface  surrounding  the 
gas.  Therefcare,  if  we  propose  to  store  a  saa^le  of  gas  In  Its  initial  cempo- 
sltlon.  It  is  necessary  to  decrease  to  a  minimum  the  surface  with  which  the 
gas  is  in  contact.  This  can  be  aeconpUshed,  provided  that  immediately  after 
the  sample  is  taken  it  is  transferred  from  the  cylinder,  where  the  pressure  is 


*  MovsMnts  suiy  occur  under  the  influence  of  pressures  aj^sarlng  as  a  result  of 
the  hig^  velocities  of  the  d^apsule  during  Its  entry  Into  tae  relatively  dense 
lii^rs  of  the  atmosj^ere* 
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maintained  to  the  thouaandthe  of  a  mi3.11m«t«r  of  a  column  of  mercury,  into  a 
narroRf  capillary  and  compressed  there  to  atmospheric  pressure.  The  traziafer 
of  the  gas  from  the  cylinder  into  the  capillary  is  aceomplished  by  a  vacuum 
puBqg»  using  mercury  (see  Section  6).  After  the  compression  of  the  gas  In  a 
capillary  there  still  remains  a  small  dre^  of  mercury  which  seals  the  capil¬ 
lary  airtight.  Fig.  10  shows  the  glass  capillary,  in  wlilch  a  small  sample  of 


Fig.  10.  Capillary  with  sealed-in  gas  sample 

1  —  sample  of  gas  cosqpressed  to  atmospheric 
pressure;  2  —  mercury  plug;  3  —  capillary 
void;  4  —  construction  to  hold  back  mercury. 


gas  is  sealed,  after  it  has  been  cut  from  the  pump.  Semples  can  be  preserved 
in  such  capillaries  for  a  long  period  of  time.  Our  experiments  have  demon¬ 
strated  that  over  a  period  of  two  to  three  years  a  sample  (ordinary  air)  does 
not  change  its  composltlwi  when  sealed  by  mercury.  An  exception  to  this  is  a 
sample  containing  helium  which  slowly  escapes  from  the  capillary  by  dlffusicm 
through  the  glass  (q^uarts)*.  With  a  decrease  in  the  volume  of  the  vessel 
holding  the  sample,  there  is,  generally  speaking,  an  increase  in  the  ratio  of 
the  internal  surface  to  volume.  It  can  therefore  be  demonstrated  that  the  con¬ 
ditions  for  preservation  of  a  sample  and  the  conditions  surrounding  its  analy¬ 
sis,  from  the  viewpoint  of  the  Influence  of  the  surfaice  (».the  compoeltion  of 
the  sample,  are  less  favorable  In  a  small  spsuse  than  in  a  l^ge  one.  However, 
such  an  assertlcm  is  erroneous  when  applied  to  the  mlcrosuialysis  of  gas  mix¬ 
tures  vhexe  the  experimenter  has  at  his  disposition  a  small,  limited  volume  of 
gas.  When  a  voliase  of  gas  is  compressed,  its  quantity  rmnains  unchanged,  re¬ 
gardless  of  the  capacity  of  the  vessel  in  which  it  is  contained.  However,  the 
svori^e- liberating  or  -absOTbing  gas  will  be  cansidezably  reduced  when  the 
volume  of  the  container  Is  small.  For  a  given  volume  of  gas,  Aether  entering 
am  analyser  or  in  storsge,  it  is  not  the  ratio  of  the  volimie  of  the  vessel  coa- 
tainlng  the  gas  to  Its  internal  surface  which  is  Important,  but  rather  the  ab¬ 
solute  value  of  the  latter. 

When  transferring  the  gas  ssmple  fraa  the  cyUndor  Into  the  narrow  capil¬ 
lary,  it  is  possible  to  decrease  the  sorption  surface  of  the  glass  by  luLny 
orders.  For  exsmple,  the  transfer  of  a  gas  at  a  pressure  10~*  loa  Bg  from 
a  cylinder  with  a  capacity  of  5  liters  (imoee  surfacs  is  about  2»10*  mms)  lato 


*  If  t^e  capillary  eemtains  pure  helium,  the  di^usion  of  helium  through  var- 
iot^  types  of  glass  and  quarts  can  be  easily  and  precisely  estimated  from  the 
decrease  in  the  length  of  the  column  of  in  time. 
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a  capllljoy  with  a  diamatar  of  0.3  mm;  where  at  atanoepheric  pressure  this  saoie 
gas  occupies  a  volume  of  0.3  nsa*  (surface  about  3  nmt*),  makes  it  possible  to 
deerease  the  hannful  surface  by  more  than  30,000  times. 

It  goes  without  saying  that  the  storage  of  samples  under  these  conditions 
is  extremely  advantageous. 

When  the  capillary  method  is  used,  a  positive  role  in  the  preservation  of 
the  gas  is  also  played  by  the  gas  in  the  capillary,  \^lch  is  under  great  pres¬ 
sure.  Under  these  ccmiditicwis  the  free  path  of  a  molecule  becomes  very  small. 
At  atmospheric  pressure  the  paths  do  not  exceed  several  millionths  of  a  centi¬ 
meter  5*10‘’®  cm).  The  majority  of  the  collisions  therefore  do  not  occur 
with  the  wall  of  the  container,  as  was  the  cstse  earlier,  but  between  molecules 
of  the  gas.  It  might  be  added  that  the  walls  themselves  now  present  consider¬ 
ably  less  danger  for  the  collected  sample  because  they  are  coated  by  a  stable 
film  of  "preserved”  gas  which  is  a  hindrance  to  further  sorption  phenomena. 

The  storage  of  a  gas  sample  In  a  capillary  offers  us  still  other  impor¬ 
tant  advantages.  One  of  them  is  that  the  capillary  holding  the  sample  is  at 
the  same  time  an  excellent  pressure  gage.  This  makes  it  possible  to  determine 
with  great  accuracy  the  pressure  in  the  cylinder  containing  the  sample.  By 
knowing  the  diameter  of  the  capillary  and  by  measuring  the  length  of  the  mer¬ 
cury-sealed  column  of  gas  with  a  calibrated  lens,  it  is  easy  to  determine  the 
volume  which  the  gais  occupies  in  the  capillary  at  a  given  atmospheric  pressure. 
By  knowing  the  volume  of  the  cylinder  from  which  the  gas  was  forced  Into  the 
capillary,  it  is  possible  to  determine  the  initial  pressure  of  the  gas  in  this 
cylinder.  Thtrs,  the  necessary  operation  of  measuring  the  initial  pressure  in 
the  cylinder  taking  the  high-level  sample,  involves  no  more  than  the  ordlnsury 
measurement  of  the  length  of  the  column  of  gas  In  the  capillary.  It  is  known 
that  1^18  rneasujrmnent  can  be  made  with  a  relative  error  of  2  to  3^.  In  other 
words,  the  capillary  method  makes  it  possible  to  determine  pressure  in  a  cyl¬ 
inder  with  an  accuracy  of  2  to  TIjIs  degree  of  accuracy  must  be  regarded 

as  high,  since  available  pressure  gages  used  in  vacuum  work  for  the  measure¬ 
ment  of  pressures  In  the  vicinity  of  lO'*  mm  Hg  osu  at  best  ensure  an  acc’xracy 
of  20  to  30lt. 

The  advantages  of  the  Indicated  method  for  the  measurttcent  of  pressure 
became  pekrticularly  clear  when  it  is  necessary  to  deal  with  small  volumes  of 
gas.  The  use  of  any  other  method  will  in  this  case  lead  either  to  contaalnst- 
tion  of  the  sample  and  a  change  in  Its  ccmposltloa  (ionisation,  thermal,  and 
other  pressure  gages),  or  to  a  large  loos  of  the  gas  under  laves tigatiCRi 
^Ich  fills  the  volume  of  the  pressure  gage  (awreury  pressu.'e  gages,  etc.). 

The  capillary  pressure  gage,  being  an  "absolute  Instrument",  so  to  speak,  is 
free  of  such  shozi;comlngs. 

A  substantial  advantage  of  the  capillary  method  is  that  the  gas,  once 
transferred  Into  the  capillary,  undergoes  no  subse^uenc  transfer  and  is  thus 
not  contaalna^d  nor  does  it  suffer  loss  In  the  vacuum  Juspiog  ahead 


*  Ataoepberie  pressure,  to  which  the  gas  under  InvestigatlOQ  vm  cosq^ssed, 
can  be  measured  with  an  error  of  less  thMi  0.3^. 
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somewhat,  we  nlg^t  mention  that  spectral  analysis  can  be  accomplished  directly 
in  the  capillary  where  the  sample  is  stored.  This  requires  that  the  necessary 
pressure  —  of  the  order  of  ^  to  10  mm  Hg  —  be  created  in  the  sealed  volume  of 
gas.  This  pressure  c«m  be  produced  by  withdrawal  of  the  mercury  plug  by  means 
of  evskcuation  by  an  ordinary  initial  vacuum  pump  to  the  appropriate  distance, 
earlier  determined  and  fixed  by  the  intake  on  the  capillary.  The  pressure 
established  in  the  caplllazy  analyser  is  again  checked  by  a  simple  measurement 
of  the  length  of  the  gas  column  which  is  closed  in  by  the  "plug.”  After  com¬ 
pletion  ot  the  analysis,  the  surrounding  air  is  again  admitted  into  the  free 
end  of  the  capillary,  and  this  again  returns  the  mercury  '^plug”  to  its  initial 
poeitlon.  This  makes  it  possible  to  again  restore  the  caplUary-analyter  to  a 
capillary  storage  tube.  The  sample  can  be  kept  there  for  years  until  the  next 
analysis*. 

5.  Analysis  of  Samples 

There  are  many  methods  of  analysing  gas  mixtures,  but  all  of  them  became 
completely  Inadequate  when  it  is  necessary  to  deal  with  such  small  volumes  of 
gas  as  those  tsdcen  in  the  samples  collected  at  great  altitudes.  There  ai*e  two 
ways  to  solve  this  probl«n:  l)  by  Incresislng  the  capacity  of  the  cylinders 
used  for  talcing  the  sample,  and  2)  by  increasing  the  sensitivity  of  existing 
methods  of  smalysis  without  significantly  lowering  their  accuracy**.  The  first 
approsurh,  although  it  appears  the  simpler,  does  not  lead  to  the  desired  end. 

The  use  of  cylinders  with  a  capacity  of  3  liters  returns  less  than  1  cubic 
millimeter  of  gas  at  nomal  adr  pressure  from  altitudes  of  95  bo  lOO  km  for  use 
in  laboratory  analysis.  If  the  altitude  at  which  the  samples  are  taken  is  in- 
cresuied  by  10  to  12  km,  the  amcHint  of  gas  collected  will  drop  by  an  order.  Con¬ 
sequently,  in  order  to  get  O.3  sam*  of  gas  it  is  necessary  to  increase  the  ca¬ 
pacity  ctf  the  cyliacJers  by  an  order.  It  does  not  appear  possible  to  use  glass 
cylinders  with  a  capacity  of  3OO  liters  (and  even  considerably  less)  In  rocket 
research  for  many  reasons:  difficulties  in  degasification  of  the  large  internal 
surface  and  the  need  for  a  very  large  inlet  in  the  cylinder,  the  great  difficulty 
of  installing  the  cylinders  on  a  rocket  smd  their  subsequent  safe  recovery,  etc. 
Moreover,  for  inractlcal  purpoees  it  is  completely  unclear  how  it  would  be  pos¬ 
sible  to  expel  all  of  the  gas  from  a  large  cylin^r  (tens  of  liters)  into  the 
apparatus  where  it  is  to  be  euialyzed  without  contaminating  the  Researchers 

have  therefore  been  forced  to  follow  a  different  and  more  difficult  approach  — 
that  of  Increasing  the  sensitivity  of  the  presently  existing  system  of  analysis 
and  creating  new  equijnent  for  the  microanalysls  of  gas  mixtures  which  are  cap¬ 
able  of  successfully  handling  fractions  of  a  cubic  millimeter  cS  gas  (at  normal 
air  pressure). 

We  have  already  described  In  detail  the  nra-Soviet  procedures  used  in  such 
analysis  [an  allusion  to  Chapter  III  of  the  source  from  which  the  present  report 
was  talDsn].  The  present  report  is  devoted  to  a  description  of  the  spectral 
analysis  of  gas  mixtures  ~  the  method  which  we  have  used  in  our  country  for  the 


♦  The  Indicated  method  of  analysis  requires  the  use  of  the  method  of  several 
caplllariesi  more  will  be  said  about  this  below. 

**  The  method  of  f<a^ed  capture  of  a  sample  (puDSping  a  gas  Into  a  cylinder) 
inresents  very  great  difficulties. 


snalyels  of  hlfi^~a.ltltude  sanplee* 

Thtt  principal  Sovlat  research  artlclee  oa  the  spectral  methcjd  for  the  in- 
vestlgatloa  of  gas  mixtures,  especially  by  the  method  of  excitation  of  the  gas 
by  a  hlgh-fre<iuency  discharge,  have  been  vritten  by  S.B.  ^rish  and  his  asso¬ 
ciates.  They  have  also  vorked  out  a  method  of  spectral  alcroanalysls  vhich 
makes  it  possible  to  analyse  2  to  3  cubic  millimeters  of  gas  mixture.  In  these 
articles  particular  attention  has  been  given  to  the  analysis  of  multi  component 
mixtures,  tuid  this  is  of  particular  interest  to  us.  The  first  samples  collected 
(from  altltudea  of  6o  to  dO  km)  were  sent  to  the  laboratory  of  S.E.  Frish,  where 
they  were  broken  dcnm  by  O.P.  Bochkova  into  three  principal  components:  oxygen, 
nitrogen,  and  ax^cm.  After  improvements  in  tha  method  of  spectral  microanaly¬ 
sis,  achieved  through  Joint  collsboration  with  3.E.  Frish  and  O.P.  Bochkova, 
it  vas  found  that  tenths  and  even  hundredths  of  a  cubic  millimeter  of  gas  could 
be  analysed.  Thereafter  we  concentrated  our  attention  on  the  improvwnent  of  the 
conditions  surrounding  the  excltatl<m  of  the  discharge,  the  geometry  of  the  dls- 
eheurge  tube  (capillary),  and  the  creatitm  of  conditions  under  which  the  dis¬ 
charge  would  occur  as  stably  as  possible. 

After  this  work  bad  been  established  on  a  sound  basis,  the  hlgh-altltude 
samples  ven  analysed  in  our  laboratory  and  in  the  laboratory  of  S.E.  Frish. 

In  the  present  report  we  shall  deal  primarily  with  the  work  i^ch  waa  done  In 
our  laboratory.  The  work  d<»e  by  S.E.  Frish  and  hla  associates  has  been  pub¬ 
lished  in  the  aurtlcles  already  mentioned,  ai^  the  reader  may  refer  to  them. 

S.E.  Frish  has  proposed  the  method  of  a  hljg^- frequency  "electrode less”  gas 
discharge  for  analysis  of  the  samples  collected  at  great  altitudes.  This  method, 
widely  known  at  the  present  time,  possesses  real  and  decisive  advantages  for  us 
in  comparison  with  other  methods  uf  spectral  analysis:  the  electrodes  to  vhich 
the  high-frequency  voltage  is  fed  are  located  outside  the  discharge  tube  and 
therefore  do  not  come  into  contact  with  the  gases  of  the  sample.  This  method 
eliminates  all  of  the  major  shortcomings  inherent  in  the  method  of  analysis  in 
which  internal  electrodes  are  employed  (conditions  under  which  the  gas  in  the 
sample  enters  into  a  reaction  with  the  metal  surfaces).  The  presence  of  inter¬ 
nal  electrodes  htu  a  particularly  harmful  effect  in  the  case  of  microanalysis, 
where  the  volumes  of  analysed  gas  ere  very  small*  Hcwever,  despite  all  its  ad¬ 
vantages,  the  method  of  the  electrodeless  discharge  is  not  free  of  difficulties 
of  a  general  nature  which  are  also  characteristic  of  the  other  methods  of  spec¬ 
tral  analysis  of  gases,  e.g.,  the  ability  to  get  a  good  repetition  of  the  re¬ 
sults  of  the  imalysis,  the  attainment  of  high  accuracy,  etc. 

The  method  of  analysis  in  which  an  electrodeless  discharge  is  ttnployed 
does  not  differ  in  principle  fror.  the  method  of  analysis  of  an  ordinary  gas 
discharge.  In  the  articles  mentioned  the  method  used  vets  that  of  the  "three 
standards",  a  method  widely  used,  for  example,  in  the  spectral  analysis  of 
alloys.  The  essence  of  this  method  is  as  follows:  A  spectrum  of  the  gas  mix¬ 
ture  uxuSer  investigation  Is  produced  on  a  photo  plate,  together  with  the  spectra 
of  the  three  standard  mixtures  (mixtures  of  known  concentraticms ) .  The  plate 
is  then  subjected  to  photcmetric  analysis,  and  this  data  is  used  to  construct 
a  calibration  cui've,  sn  example  of  which  is  shown  in  Fig.  11  (the  relative 
difference  in  the  blackening  AS  of  the  lines  of  the  two  eampOTients  under  in¬ 
vestigation  is  laid  off  alemg  the  y-axls,  and  the  logarithm  of  the  coscentration. 
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log  C,  is  laid  off  along  thm  ac-iuds). 


Fig.  11.  Calibration  eurr*  for  determination 
of  the  oxygen  in  the  sample 

e  standard  mlrturos;  X  analysed  mixture. 


In  accordance  with  the  prppoeal  of  S.E.  Prlsh,  we  ’xsed  the  near  infrared 
region  of  the  spectrum  from  7OOO  to  80OO  A  for  analysis  of  the  hlgh-altitude 
samples  for  oxygen,  nitrogen,  and  argon.  We  were  successful  in  grouping  the 
intense  lines  of  the  indicated  elements  as  follows:  Oj  —  7772  A,  Nj  —  7469  A, 
A  —  7504  A;  the  exposure  and  photometric  processing  presented  no  difficulties. 
An  ordinary  spectrometer  with  glass  prisms  (the  ISP-51)  was  used  in  photograph¬ 
ing. 


Multicomponent  mixtures  present  the  greatest  difficulty  in  the  spectral 
ansLlysis  of  gases.  A  change  in  the  concentration  of  one  of  the  components  at 
the  mixture  can  result  in  a  sharp  redistribution  of  the  intensities  in  the 
lines  of  the  other  components.  In  each  particular  case  this  redistribution 
may  occur  in  a  different  way  (parallel  and  nonparallel  displacements  of  the 
callh^tion  curves).  In  the  next  secticm  we  will  discuss  in  somewhat  greater 
detail  the  methods  for  increasing  accuracy  in  measurements  in  stich  cases.  Here 
we  will  only  point  out  that  in  our  laboratory  we  succeeded  in  obtaining  an  ac- 
ciuracy  of  3  to  ^  in  determination  of  the  content  of  components. 

4.  S:^ctral  MicroMalysis  of  Gases 

The  researcher  encounters  a  number  of  additional  difficulties  in  the 
spectral  analysis  of  small  vo1ub»s  of  ^kses  sblch  do  not  arise  durliig  the 
analysis  of  large  volumes  of  a  gas  mixture.  The  simsller  the  volume  of  the 
gas  under  investif»tl<Hi,  the  more  difficult  it  will  be  to  achieve  a  good 
repetitlcffi  of  the  results.  Difficulties  will  be  especially  great  if  it  is 
necessary  to  analyxe  a  gas  mixture  of  lass  than  1  {«$•  in  volume  (at  normal 
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air  pressure).  In  this  cese  an  exceptionally  strong  Influence  is  exerted  cm 
the  results  of  the  analysis  by  the  interactlcm  of  the  excited  gas  and  the  walls 
of  the  di*char,T;e  tube.  As  a  result,  varlor**  paraffleters  of  the  discharge  become 
unstable. 

When  employing  a  high-frequency  "elect rode less"  discharge  in  a  sob,  the 
result  of  spectral  analysis  depends  on  a  number  of  factors.  For  the  most  part 
these  factors  can  be  divided  into  the  three  following  groups. 

A.  Factors  determining  the  electron  temperature  in  the  discharge:  the 
voltage  on  the  electrodes  of  the  high-frequency  generator,  gas  pressure  within 
the  capillary-analyser,  the  georoetry  of  the  electrodes,  the  sise  of  the  arcing 
distance,  the  diameter  of  the  capillary,  etc. 

B.  Factors  determining  the  properties  of  the  inner  siirface  of  the  capil¬ 
lary:  the  type  of  glass  used  in  the  capillary,  the  "prehistory"  of  the  caplllaiy, 
the  volume  of  mixture  analysed,  the  glow-time  of  the  discharge,  etc, 

C.  Factors  determining  the  stability  of  the  progress  of  the  photographic 
and  photometric  processes:  quality  of  the  plate,  exposure  time,  development, 
photometric  processing,  etc. 

The  Influence  of  the  last  group  of  factors  on  the  results  of  the  analysis  are 
well  known  --  this  Influence  is  the  seme  in  all  similar  photographic  work.  The 
Influence  of  the  first  two  gioupa,  however,  has  not  been  definitively  clarified. 

The  dependence  of  electron  tenperature  on  various  parameters  of  a  discharge 
has  been  studied  by  many  authors,  especially  by  V.A.  Fabrikant,  who  devoted 
much  work  to  the  problem,  and  by  S.E.  Frlsh.  We  will  therefore  not  discuss 
them  further. 

In  this  Section  we  will  only  touch  on  a  number  of  problems  of  the  influence 
exerted  on  a  discharge  by  the  second  group  of  factors  caused  by  the  interaction 
of  the  gas  with  the  material  from  i^ich  the  discharge  tube  is  made,  since  in 
the  process  of  microanalysis  of  gases,  the  factors  In  this  group  are  the  initial 
source  of  the  stability  of  the  discharge •  Sorption  j^encmetia  can  noticeably 
change  both  the  density  and  ccnposition  of  the  gas  under  Investigation,  and  this 
can  result  in  a  change  in  the  parameters  of  the  discharge,  especially  in  a 
change  in  the  electron  t«iiperature.  However,  before  proceeding  to  €m  expoalticsi 
of  the  conditions  of  stability  of  the  discharge,  a  few  words  must  be  said  about 
the  method  for  excitation  of  the  spectrum  which  we  mnployed  in  our  work. 

A  amall  high-voltage  gener.ator ,  A  high-voltage  generator  suitable  for  the 
excitation  of  a  dlsch€krge  in  the  gae  under  investigation  can  be  assembled  oo  the 
basis  of  a  number  of  well-known  circuit  diagrams.  The  circuit  diagram  and  gen¬ 
eral  design  of  the  VO-2  generator,  fabrlc^tied  in  the  experimental  workshops  of 
the  Scientific  Research  Institute  of  Physics  of  Leningrad  State  University,  have 
been  described  In  the  literature.  We  used  the  VG*2  generator,  but  its  unwieldy 
8l»e  and  excessive  power,  as  well  as  a  certain  instability  in  its  operation  and 
therxcal  inertia,  forced  us  to  turn  to  a  simpler  and  more  eccmcmleal  model.  At 
our  request.  Engineer  V.I,  Makarov  designed  and  built  the  required  generator, 
one  which  is  far  superior  to  the  VO-2  generator  in  respect  to  cOTivenlence  in 
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Fig*  12.  Clrouit  diagram  for  tbe  aaall  generator 

—  MLT  0.5  reaistance,  55  k«oh»a;  R  •-  MLT2  reaiat- 
ance,  10  k-obrns;  C,  —  capacitor,  40,(^  microBicro* 
farada;  —  capacitor,  variable,  up  to  500  microalkes; 

C  —  capacitor,  1,000  micronilcaa;  -•  capaoitor, 

50,000  micranikea;  —  6p6s  tiibe;  —  grid  winding, 
FBL  0«5»  50  tumai  -•  output  winding,  LEShO  7  x  O.QT, 
1,000  tuma;  L.  —  anode  winding,  ISShO  7  x  0*07,  40  tuma; 

—  V4  coll,  PELShO  0.2,  120  tuma. 


Fig.  15.  External  appwrance  of  the 
BBnU.  generator 
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handliBg,  slstty  iuod  opuratlag  ch&mstarlstlcs .  Fig*  12  is  a  circuit  diagram  of 
ths  gensrator  aud  Fig.  13  shows  Its  external  appearance.  This  generator  differs 
froD  the  VCI«2  generator  in  its  "pocket"  else  (which  can  still  be  considerably 
smaller)  and  its  electrical  characteristics:  the  discharge  current  does  not  ex¬ 
ceed  1.3-2  isA,  the  voltage  on  the  electrodea  is  of  the  order  of  2300  to  4700  v, 
and  the  power  of  the  generator  is  1  to  2  vetta.  The  frequency  may  vary  from 
0.82  to  0*37  which  cOTresponds  to  wavelengths  of  370  to  330  m.  k  genera¬ 

tor  with  such  an  operating  regime  ensures  a  good  discharge  glow  and  high  sta¬ 
bility  of  the  results.  One  notes  that  with  a  saall  current  in  the  eorclng  dis¬ 
tance  (1.3  to  2  mk),  idxlch  is  two  orders  less  than  the  current  usually  pro¬ 
duced  during  the  operation  of  the  70-2  generator,  an  excellent  excitation  of  all 
of  the  above-mentioned  lines  of  ths  a^ialysed  air  mixture  is  achieved.  At  the 
same  time,  a  reduction  of  the  discharge  current  considerably  decreases  the  total 
gas  (ion)  tesq«rature  of  the  discharge. 

Influence  of  the  wall  temperature  of  the  diacharge  capillary,  We  have 
already  mentioned  that  the  study  and  evaluation  of  the  Influence  of  the 
gro^  of  factors  on  the  stability  of  a  discharge  have  made  it  possible  to  in¬ 
crease  the  accuracy  of  the  analysis  of  the  collected  gas  samples.  Since  these 
problmns  have  remained  largely  untreated  in  the  literature  with  which  we  are 
familiar,  we  will  briefly  discuss  thsai  hare*. 

The  Interaction  of  a  gas  with  the  surrounding  surface  depends  cm  a  number 
of  factors.  If  it  is  assumed  that  the  natvure  of  the  gas  and  the  surface  remain 
ccmstant,  the  determining  role  in  such  an  Interaction  miast  be  ascribed  to  the 
temperature  of  the  wall  and  the  gas  coming  into  contact  with  It.  Sorptlcm  and 
desorption  pbenaswna  ars  depsndsnt  on  temperature,  and  temperature  also  ds- 
tsniines  ths  phenomenon  of  the  diffusion  of  several  gases  (hydrogen,  helium) 
throu^  the  material  of  which  the  discharge  tube  is  made  (quarts,  glass). 

Therefore,  the  author,  in  eollaboratian  with  D.A.  Nlrtova,  turned  hit  primary 
attention  to  the  investlgaticm  of  the  value  and  time  required  for  stabilisa¬ 
tion  of  temperature  in  the  gae— dlsehars^  tube  system  ( capillary-analyser)  • 

The  investigations  were  conducted  with  thermocouples  eonneeted  with  a  sensitive 
galYaaometer.  The  working  Jimetlon  of  the  thenaocoeple  Is  clamped  to  the  outer 
vail  of  the  capillary-aaalyzer.  The  capillary  itself,  together  with  the  thermo¬ 
couple,  is  housed  in  a  vacuvn  jacket.  This  la  done  so  that  convective  air  cur¬ 
rents  arowsd  the  heated  capillary  will  not  dietort  the  true  temperature  of  the 

wall.  The  temperature  of  the  wall  was  measured  by  this  method  at  different 
places  both  inside  and  outside  ^le  arcing  distance. 

Seme  of  the  results  of  the  aeasuremeats  that  have  been  made  may  be  stsB- 
marlzed  as  follows: 

1)  With  a  p^aeribed  voltage  <»  the  electrodes,  and  in  the  absence  of  a 
discharge  In  ^e  caplUary-analyser  (rei^urdless  of  v!tother  there  is  gas  within 
capillary),  nsither  pure  glsiss  nor  pure  quarts  is  significantly  heated  in 
the  generator's  hi^-frequsney  field*  Tlw  tea^rature  of  the  wall  begins  to 
increase  rapidly,  becoming  red-hot  if  the  capillary  is  contSBd.nated  on  the  in¬ 
side  <nf  outside.  INu^ieuIarly  harmful  ie  the  broimish  incrustation  the  inner 


*  A  more  detsdled  discussion  will  be  published  In  special  articles. 
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w»ll  Oif  th#  eftpllliiry  KPhidi  forws  during  th®  deecsupoeltlcwi  of  lutorlceuit  v&pora 
vlthla  th*  apparatm  undwr  th®  inflvwsnce  of  a  high  tamporatur®  In  the  dischai^j 

2)  Th®  'taaparatu*'®  of  the  vail.  Incswases  if  a  discharge  ie  excited  vlthiu 
th«  capUJaiy-analyaer*  The  tewperatux®  of  th®  gaa  in  the  discharge,  reapon* 
aihle  foT*  tJie  tensper&ture  of  the  capillary  wali^  deipands  cloee,ly  on  the  type  of 
gaa  vlthin  the  capillary.  This  dependence  is  ropreaanted  graphically  in  Fig.l4« 


Fig.  l4»  TeuBperatur*  distribution  along  the  glsjee 
(molybdenum)  capillary  in  the  presence  of  a  high- 
frequency  discharge  fraa  the  VG-2  generator  (a;  ravX 
th®  small  generator  (b) 

ts  «-  center  of  the  arcing  distance;  the  seros  cin 
the  x-axif  correepond  to  points  where  there  are  flit 
disk-electrodes  spesal  at  a  distance  of  15  nna  fre® 
one  another;  distances  are  laid  off  to  the  rt,p*t 
left  of  these  electrodes j  they  are  eitaated  C(..i.sidv^ 
the  ar.'iing  distance. 


The  temperature  of  monatoealc  gases  increases  vith  a  decrees?  in  their  atemie 
velghts.  The  "cosiest gea  in  the  discharge  is  xenon,,  and  tie  ^hrttest"  gas  is 
helium.  Th#  tem5>«-r«tures  of  diataalc.  gases  (nitrogen,  OMyg-n^  differ  little 
from  one  another,  but  considerably  exceed  the  temperatures  of  fe*l  mcnetciale 
gases*.  Fig*  14  also  ehovs  the  distribution  of  temperature  elong  th*  capillary. 
Its  maxlmtsB  is  usually  obsei^ved  in  the  arcing  distance^  pro-ided  the  latter  Is 
small.  The  temperature  of  the  capillary  rapidly  drops  beyond  the  Ijjoits  of  the 
arcing  distance.  The  temperature  distribution  in  excited  xenon  is  an  exception 
tc  this  general  picture.  Here  there  sure  tvo  maxima  (near  the  electrodes)  and  a 
minimum  (at  the  center  of  the  arcing  distance).  I^e  same  Is  true  for  other 


*  The  processes  of  dlasoclaticm  transpiring  in  th®  discharge  a^arently  play  an 
Important  role  In  raising  the  temperatures  of  mcmataaiu  gases. 


ga^«jst  lilifltQ  th«r«  ia  a  vary  largo  diatanoa  batman  the  alactrodas  (a  dlstaneo 
of  about  33  to  45  ^a  aourca  of  thla  pbanoManon  abould  ba  aougbt  In  tba 

difTarant  boat  eonductirltiaa  of  tba  gaaaa; 

3)  Tba  tasparatura  of  tba  capillary  vail  deaa  not  iBoadlataly  attadn  Ita 
aaxlaiuBi  aalua.  Tba  taasparatura  of  aaan  a  tbia-vallad  capillary-analyzer 
(0.4  nra  In  dlunatar)  ia  aatabllehad.  (under  apaelfiad.  coodltiona)  vltbin  3  to 
4  minutaa^  aa  can  be  seen  from  Fig*  15; 


Fig*  15*  Tliaa  raq.uirad  for  aatabliahlng  a  balanced 
tanparatura  of  tba  valla  of  a  glaaa  (aoiybdanuai) 
capillary  for  Tarioua  gaaas  in  tba  praaanca  of  a 
bigb- frequency  dlacbaurga 

Temparaturaa  are  cited  for  the  canter  of  the  arcing 
dlatanea;  tba  thicknaaa  of  tba  capillary  vail  la 
0*5  ana,  the  dianatar  of  tba  capillary  is  0.4  atm;  tba 
tlaa  froB  tba  Bonent  at  vhicb  tba  d.iBeharga  occurs 
la  laid  off  ailong  tba  z-azls. 


4)  Tba  taavarature  of  tba  quartz  capillary  alvaya  greatly  axcaada  tba 
temperature  of  tbe  glua  (molybdenum)  capillary  vhen  the  condltlans  of  tba 
diaebarge,  tbe  geometry  of  tba  caplliary,  and  tba  gaoaiatry  of  tba  intaralac- 
troda  dlatanea  are  malntainad} 

5)  Tba  pover  of  tba  generator  exciting  tba  diacbarga  exarciaas  a  con- 
sldarabla  ii:i^luanca  on  tba  tamparatura  of  tba  capillary  vail.  A  coaparisoa 
of  parts  "a"  and  '*b**  of  Fig.  14  clearly  sbova  that  tba  VO-2  ganazvtcnr,  yhen 
used  under  optimum  conditions  (a  diacbarga  glov  of  tba  mazlmxaD  brlghtnaae) 
ylalda  considerably  blgbaz*  tawparatures  than  tba  small  generator  vhicb  ve 
daecribad  above; 

6)  Tba  geometry  tba  alactrodas  and  tba  size  (length)  of  tba  arcing 

distance  greatly  influence  tbe  temperature  of  tbe  vail.  Tbe  vail  twperaicure 
inaraases  greatly  idien  broad  ribbon  electrodes  attached  directly  to  the  dis¬ 
charge  are  used*  Tho  most  advantageous  electrodes  In  tble  respect  are 

diab-abapad  alactrodas  i^oaa  iojur  opanlnga  greatly  azeaad  tbe  axtamal  dl- 
ametar  of  tba  caplUuy  analorzar.  The  distanoa  batvean  tba  dlatas  —  the 
length  of  tba  arcing  distance  —  should  be  minloxEB  In  ^fdar  to  lover  tbe 
temperature  of  the  vaU. 
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Th«  OOTBWintii  maAm  It  poB«lt)l«  to  th«  m<3»t  MvimtageoixB 

coeiiiitioisfi  fotr  tb«  Bumlyii*  ©f  saftll  yoXxsms  at  giui.  Th«  recomraeudatiOR*  workad 
out  m  tim  iMWiii  of  th«s«  cicunaata  »»®  a«  follosmi  1.)  Thir«-va3.1»d  capillari®* 
and  «l«ctyod*  dlaScB  ahould  ba  usad;  tha  lattar  should  nor  coraa  Into  contact  with 
tha  cM^jiillBjy-ajattlyfcar  and  should  ba  plaend  at  a  minittuai  distanca  froci  one 
aaotfcar  (in  our  aasuma  8  to  10  ma);  2)  Tha  apactr«a  should  ha  photograil^ed  after 
tha  taarfcratucpi  ban  awnad.  out  (in  the  ea»e  of  a  thin-walled  capillary  the 
taasormtura  avena  out  In  3  to  4  ninutea);  3)  It  i«  neceseary  to  use  low-output 
ganaratCRPS  to  eaccite  tha  dlseiharga)  and  4)  tbe  pr^-ivalant  idea  that  q.i'^arc*  cap- 
lllarl.a8  haw  great  admntagas  owr  glastx  coplllaalos  when  making  a  m.-*  croanaly* 
sis  of  gas  “by  the  saethod  of  a  hlgh-fra<auency  discharge  must  l*e  recogniaed  as 
being  incoa'sect* 

Tha  results  of  our  work  point  to  tha  absence  of  si&ch  advantages.  In  the 
majority  at  eases tha  use  of  glass  Is  more  Justified  than  the  «.i8e  of  quarts* 
When  the  regime  is  Ia^^pe^ly  selected,  a  thln-walled.  glass  (molybianm)  cap¬ 
illary  of  0,5  m  in  diameter  or  las®  can  operate  for  a  long  time  (months)  with¬ 
out  any  noticeable  disturbance  of  the  structure  of  the  glass. 

Lowering  and  titabiJ  ization  of  the  temperature  of  the  wall  of  the 
capillary-analyzer r  Howelwr  weia?ae]ected  coodltlona  are  for  the  microanalfsis 
of  gases  within  tha  c«  piiJ,ary  by  the  method  of  a  high-frequency  discharge,  the 
temperai,ara  of  the  gas  and  the  wall  of  the  capillary  remains  quite  high  and 
Instable.. 


Table  1. 


Sumber 

of 

Difference  in  8 

Sampla 

IVith  Ventilation 

f  With  Variable  Ventilation 

0.  -  H. 

■‘■■MM 

0.  -  »«. 

A  -  N. 

■nm 

s  s 

djUlllllQH 

a  s 

s 

1 

-0.24 

0.09 

1  1. .  1  ....  1 

0.01 

0.05 

0.24 

0.11 

2 

-0.28 

0.14 

0.01 

0.04 

-0.70 

0.11 

3 

-0.28 

0.10 

-0.10 

0.05 

0.75 

0.04 

4 

-0.26 

0.11 

^0.03 

0.04 

0.00 

0.07 

5 

-0.26 

0.15 

-0.02 

0.05 

-0.59 

0.12 

6 

—0.21 

0.10 

-0,09 

0.06 

-0*52 

0.17 

7 

-0.25 

0.12 

-0.12 

O.OT 

-0.64 

0.12 

8 

-0.28 

0.09 

-0.C8 

0.09 

0.60 

0.09 

9 

-0.25 

0.12 

-0.06 

0.08 

-0.72 

0.15 

10 

-0.25 

0.11 

-0.03 

O.OT 

0.70 

- - - - - - ! 

0,12 

In  order  to  Icsmr  wjd  stabilise  the  temperature,  the  author,  in  eoHaboratioa 
with  Starkof^a,  took  measures  to  cool  the  glass  capilXary-analymer  by  a  Jet 

of  cold  air  at  a  constant  velocity.  When  this  method  of  cooling  was  used,  the 
taaperatuia  the  outer  wall  of  the  capills^,  ewn  in  the  case  of  the  ”hot" 
Saem  such  as  oosygen  aM  nitrogen,  d.ld  not  rise  more  than  10  to  15*  in  eossipte^' 
Bon  with  the  teaaperature  at  the  sinrrousiding  sedlum»  This  yr&s  immediately 
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r«fl«ct«d  om  thtt  repetition  of  the  reaulte  of  the  analysle.  Table  1  ehoirs  ^e 
reaults  of  jphotcnetz^c  meaeurezaents  of  the  oo^y^gen  (7772  A),  nitrogen  (7469  A), 
and  argmi  (7^04  A)  linea  of  the  apeetrua  of  ordinary  air  in  cornfarlson  vitb  the 
line  of  nitrogen  (74^  A)  taken  with  conatant  rentllatloa,  without  ventilation, 
and  with  variable  ventilatiai  by  the  air  Jet  of  the  capillary>analyzer.  It  can 
be  seen  th^t  the  error  in  detexiBlnatioa  of  repetition  of  the  ratio  0^/n^  and 

in  eaae  of  constant  ventilation  is  less  than  when  there  is  no  ventila* 
ticm  of  the  capillary. 

The  method  of  several  capillaries,  in  addition  to  the  temperature  of  the  gas 
e.ad  the  waltls  of  the  capillary,  the  'prehistory”  of  the  capillary  la  of  great 
importmce  in  increasing  the  stability  oS  the  results. 

After  a  prolonged  glow  discharge  In  the  discharge  tube,  gas  which  paurbicl- 
pated  in  the  discharge  rwsalns  on  its  inner  siurfaee.  This  gas  is  held  tena> 
cioosly  by  the  walls  of  the  tube  and  cannot  be  pumped  out.  During  the  subse¬ 
quent  glow  of  another  mirbure  the  sorption  gas  is  liberated  in  the  discharge 
and  can  change  the  analytlcskl  results.  For  the  time  being  measures  which  have 
been  taken  against  this  harmful  phenomenon  have  not  yielded  perceptible  results. 
”Washlng”  of  the  capillary  in  a  discharge  of  various  gases  has  by  no  means  al¬ 
ways  yielded  the  desired  results. 

In  this  connectlcm  it  appears  advantageous ,  when  analysing  air  samples 
taken  at  great  altitudes,  to  turn  to  the  method  of  "several  capillaries”, 
mntion  of  which  has  been  made  above.  The  essence  of  this  method  is  that  the 
photographing  of  the  spectra  of  the  standard  mixtures  is  not  accomplished  in 
the  capHlary-anaiyser,  but  in  other  capillaries  identical  to  the  first*.  To 
do  this,  each  stsoidard  mixture  ie  held  in  a  special  fused  container  at  the  pres¬ 
sure  required  for  analysis  (for  aU  practical  purposes  this  is  7  to  10  mm  flg). 

Sach  container  has  an  outlet  which  ends  with  an  identical  capillary.  The  gas 
begins  to  glow  when  the  outlet  capillary  Is  introduced  into  the  generator's 
arcing  distance.  By  changing  the  standards  in  ths  arcing  distance.  It  is  pos¬ 
sible  to  derive  the  necessary  number  of  control  points  (most  conaonly  three) 
for  the  drawing  of  a  calibration  curve.  The  described  method  eliminates 
probljiaos  of  "prehistory”  for  standard  mixtures. 

The  use  of  a  eap5,Ilary-analyser  involves  greater  problems  when  it  is  used 
for  an  ayaalysls  of  ths  collected  sample.  Tb#  uewly  annealed  glass  of  the  cap- 
lllazy  in  the  discbara*  actively  abscKrbs  gases,  especially  ooygen.  The  sample 
thersfore  cannot  be  "ignited"  in  an  untreated  capillary.  Since  there  is  no 
way  in  which  we  can  "wash”  the  capillary  with  the  mixture  ^leh  is  to  be  ana-^ 
iyaed,  it  is  sscessary  to  "wash"  the  capillary  by  a  discharge  in  some  ^ui  which  Is 
known  to  be  absent  from  the  mixture  under  Investlgatloo.  In  our  ease  heliia  is 
well  suited  tor  this  purpose.  After  being  treated  in  this  way,  the  "prehlit<»ry" 
of  the  ciapillary-snalyaer  will  be  quite  simple  and  etandsrd  for  all  of  the  ana¬ 
lysed  air  samples. 


*  The  identical  character  of  capillaries  cut  from  a  single  ple^  may  be  very 
high.  In  msy  case,  the  analytical  errore  which  my  result  from  a  difference 
in  the  geaamtry  of  the  capillaries  will  be  much  lees  than  usval  errors. 
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Fig.  l6.  Sxtam&l  appaaremce  odT  the  vacuum  pump 
used  In  the  spectral  analysis  of  samples 


Fig.  17,  Circuit  diagram  of  the  vacuum  p^aap  used 
for  the  spectral  analysis  of  samples 

1  —  initial  vacuum  pomp;  2  —  high-vacuvm  Ian@aulr 
pisBp;  3  **  trap  used  in  cooling  the  liquid  nitrogen} 

4  —  U-^shaped  mercury  seal}  ^  McLeod  ipgei  6  •«  set 
of  flinders  vith  pure  gases;  7  ••  aimer j  8  —  cyl- 
ir*,r  vlth  sample,  ending  irith  ci^llary«analyzer} 

9  —  spectrograph  focusing  lens;  10  —  ISP-51  speetro- 
gra^}  11  —  shortened  sercury  lifts}  remote  ecrntrol 
mercuxy  seals  for  admitting  into  pnp. 
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In  order  to  analyce  a  small  sample  of  air  collected  at  great  altitudes, 
it  Is  necessary  that  the  sample  he  ti-anaferred  from  the  cylinder  in  vhich  it 
is  contained  into  a  capillary-analyser  and  compressed  there  to  a  specified 
pressure*  This  can  be  done  with  the  special  vacuum  pump  whose  exterior  is 
shown  in  Fig.  l6. 

The  siwcial  req,uirement  of  this  pump  is  that  its  multichannel  system 
should  not  participate  in  the  transfer  of  the  gas  from  the  cylinder  into  tne 
capillary);  otherwise,  the  gas  in  the  sample  may  be  partially  eonteu&lnated  and 
partially  lost,  undergoing  sorption  on  the  extensive  surface  of  the  newly 
annealed  glass  or  rwnaining  behind  in  various  '^pockets'’  of  the  apparatus. 

Pig.  IT  is  a  schematic  drawing  of  the  piaap. 

Because  of  the  necessity  for  making  spectral  analysis  (tns  method  of  a 
single  capillary)  in  the  high- vacuum  part  of  the  pump,  there  xs  a  considerable 
system  of  cylinders  which  contain  different  gases.  The  special  mercury  seals 
shown  in  Pig.  l3  are  used  to  release  these  gases  into  the  p'jmp.  The  principle 
of  operation  of  the  seal  is  as  folicws.  The  gas  from  a  cylinder  can  enter  the 


To  ovllnder  with  gas 


Pig.  18.  Remote- control  .mercury  seal  for  adraltiing 
gas  into  pump 

Horlsontal:  to  cylinder  with  gas^  vertical:  to  pissp. 

p«p  only  through  a  narrow  capillary  i  which  passes  througn  the  glass  parti¬ 
tion  /.  The  capillary  ends  with  a  small  piece  of  porcelain  Tr.e  upper  and 
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lower  ends  of  the  capillary  are  subaierged  In  the  mercury  8  .  The  upper  end, 
with  the  porcelain  tip,  is  situated  below  the  level  of  the  mercury  only  in  a 
case  when  the  beaker  J  is  submerged  in  the  aercury.  In  order  to  prevent  the 
besdEer  from  floating  in  the  mercury,  a  metal  core  4  is  fused  Inside  it.  When 
the  beaker  J  is  submerged  in  the  mercury,  its  level  rises  above  the  porcelain 
and  the  gas  fi'oss  the  cylinder  does  not  pMs  into  the  pump.  If  the  beaker  rises, 
the  level  of  the  mercury  will  drop  dcsm,  expoelng  the  porcelain,  and  the  gas 
is  then  able  to  pass  through  the  pores  of  the  porcelain  into  the  pimip,  making 
its  way  through  the  drop  of  mercury  in  \diich  the  lower  end  of  the  capillary  is 
submerged.  The  solenoid  6  is  wrapped  around  the  outside  of  the  tube  9  .  Wuen  a 
current  is  psissed  through  the  solenoid,  the  steel  core  of  the  beaker  J  is  drawn 
into  it  and  opens  the  seal.  When  the  current  is  switched  off  the  bestker  again 
drops  dovn  and  the  mercury  cavers  the  capillary  i  .  If  aslr  gets  into  the  vacuum 
pump  (by  accldtent),  a  part  of  the  mercury  of  the  lower  drop  is  automatical]^ 
forced  into  the  caplllaiy  and  tightly  closes  the  seal,  preventing  air  fron  getting 
into  the  cylinder  with  the  gsus.  After  evaicuation  of  the  pump,  the  mercury  again 
maerges  frcmi  the  capillary  and  the  seal  begins  to  OGperate.  This  latter  circum¬ 
stance  makes  it  possible  to  open  the  apparatus  eaislly,  which  is  necessary  when 
connecting  the  cylinder  with  the  sample  to  the  pump. 

The  advantage  of  mercury  seals  over  the  ususlI  '*batch”  seals  is  beyond  ques¬ 
tion.  First  of  all,  there  Ic  no  vacuum  lubricant  present,  and  secondly,  it  is 
easy  to  get  the  required  volume  of  intadcen  gases  when  a  mercury  seal  is  used. 

In  addition,  these  seals  operate  by  r«note  control,  which  is  very  convenient 
when  working  with  a  vacuum  pump*. 

The  apparatus  shown  in  Fig.  17  has  a  mixer  ^  which  makes  it  pcffisible  to 
prepare  and  store  various  mixtures.  The  central  part  of  the  apparatfis  la  a 
capillary-analyzer,  accompanied  by  the  cylinder  8  itself,  which  holds  the  sample. 
This  pskrt  of  the  apparatus  is  shown  in  Fig.  17  by  a  dashed  line  and  is  repre¬ 
sented  in  greater  detail  in  Fig.  19*** 

As  was  mentioned  before,  the  small  volume  of  gas  enclosed  in  the  cylinder 
caumot  be  introduced  into  a  multichannel  system.  Therefore  the  interconnection 
of  tha  tubes,  as  shown  in  Fig,  19,  is  designed  in  such  a  'vay  that  with  the  'ose 
of  mercury  it.  is  possible  for  the  gas  from  the  cylinder  to  be  transferred  di¬ 
rectly  into  the  capillary-smalyzer,  bypassing  all  auxiliary  channels.  This  is 
d(ns  by  fusing  the  cylinder  into  the  vacuum  pump  with  the  thin  glass  tubes  re¬ 
maining  intact,  as  shown  in  Fig.  19*  The  apparatus  is  then  carefully  evacuated 
and  degasifled,  since  until  this  time  the  apparatus  was  open.  Before  the  evacu¬ 
ation  is  completed  the  mercury  rises  to  the  level  A  (Pig.  19)  and  the  lower  tub¬ 
ular  glsmis  extensicKi  is  knocked  off  with  a  special  haaaaer.  Merc'ury  fills  the 
cylinder,  forcing  the  sample  of  gas  to  the  upper  tubular  extension.  The  latter 
Is  broken  off  when  the  mercury  rises  to  the  level  B. 


♦  Our  work  over  many  years  with  mercury  seals  has  confirs*d  their  great  supe¬ 
riority  over  seals  of  other  types. 

**  Since  the  overwhelming  majority  of  the  samples  were  investigated  in  precisely 
this  way,  i.e.,  the  entire  cylinder  was  fused  In  the  aj^ratuB,  and  no.^  the 
storing  capillary  alone,  we  shall  describe  this  method,  especially  since  the 
same  syate®  is  used  during  the  trsuinfer  of  the  gas  froa  the  cylinder  to  the 
storing  capillary  (See  Fig.  1?). 
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Fig,  19.  Cylinder  ftnd  ceplllary-analyxer 

1  —  c®plLl*ry-analyx*r;  2  --  arcing  distance; 

3  •*-  hsiamer  for  breaking  off  glass  extension; 

4  --  catch  for  haamer;  5  —  glsss  extension; 

6  —  plug  for  cylinder  seal;  7  —  cylinder; 

A  —  level  to  idiich  Mrcury  rises  when  lower 
glass  extension  Is  broken  off;  B  --  aercury 
level  when  upper  glass  extension  Is  broken 
off. 


Further  pi^ssure  Introduces  all  of  the  gas  directly  Into  the  capillary- 
analyser*. 

The  awthod  of  forcltig  out  the  gas  by  aiercury  Is  inconvenient  when  It  is 
necessary  to  force  the  ^  frOK  large -capacity  glass  cylinders.  The  filllr^ 
of  a  thln-walLed  5-llter  glass  cylinder  with  siercury  piesents  the  danger  that 


*  Other  aethods  for  transferring  the  gas  into  the  capillary,  such  as  puaping, 
usually  l«ad  to  dlstortiffli  of  the  ccEposltlon  of  the  gas  or  to  losses  of 
in  "pockets*’  in  the  piasp. 
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the  cyliader  will  be  mptured.  This  can  be  prevented  In  the  following  manner*. 
The  cylinder  containing  the  gas  sample  la  fused  into  the  api»ratus  in  the  usixal 
manner  (See  Fig.  19)*  The  cylinder  Is  then  surrounded  by  a  cardboard  or  tin 
hoxu#lng  which  exceeds  by  2  or  5  cm  the  diameter  of  the  cylinder.  The  housing 
rests  freely  c«i  a  supporting  base  which  is  situated  beneath  the  cylinder.  The 
free  space  between  the  walls  of  the  housing  and  the  cylinder  ere  filled  with  a 
liquid  solution  of  alabaster  or  plaster  of  Paris.  After  the  solution  has  dried, 
the  cylinder  is  protected  by  an  ideal  protective  shell  (Fig,  20)  atid  can  be 
freely  filled  with  mercury  without  any  risk.  A  vacuum  pump  with  such  a  cylinder 
is  shcjwn  in  Pig.  20. 


Pig.  20.  Analyxical  apparatus  with  cylinder  fused  in 

The  photograph  at  right  shows  glass  ( thin-walled)  cyl¬ 
inders  encased  in  plaster  of  Peuris. 


When  all  of  the  gas  is  forced  from  the  cylinder,  and  the  level  of  the  mer¬ 
cury  is  situated  above  the  level  B  (Fig.  19),  the  hammer  3  i®  clewed.  The  gas 
must  be  subjected  to  Intense  cooling  action  in  order  to  be  freed  (insofar  as 
possible)  of  the  water  vapor,  carbon  dioxide ,  and  carbon  mcaioxide  which  may  be 
present  in  the  apparatus,  Oi^nary  cooled  traps  are  in  this  case  unsuitable  be¬ 
cause  when  they  are  iised  there  is  a  great  loss  of  the  gas  under  investigation. 

We  therefore  made  a  trap  of  the  "passageway"  type  which  did  not  form  a  "pocket" 
in  which  a  loss  of  gas  could  occur.  The  trap  is  shown  in  Fig.  21,  Its  princi¬ 
pal  cosipement  Is  a  glass  tube  with  double  walls  separated  by  an  excellent  vacuum. 
The  tube  Is  c^n  at  both  ends.  It  is  fused  within  an  ordinary  glass  tube  which  is 
part  of  the  pump  lines  situated  Immediately  In  front  of  the  inlet  to  the  capillary- 
analyxer  (See  Fig.  19)-  ^  Dewar  flask  is  fused  to  this  external  tube  for  the 


♦  The  method  was  pr^osed  by  A,  A,  Baykov, 
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liquid  nitrogen  which  cools  the  walls  of  the  tube*  The  highly  cooled  walls 
of  the  outer  tube  constitute  a  ”trap”  where  condensed  gases  undergo  sorption. 
The  following  would  occur  if  an  Internal  Dewar  flask  were  absent:  When  the 
"frozan*^  gas  was  forced  Into  the  capillary,  the  mercury  would  rapidly  freeze 
on  coming  into  contact  with  the  cold  external  walls;  a  solid  "plug”  would 
tlj'ts  be  formed,  which  would  block  the  entrsuice  of  mercury  into  the  capillary- 
analyzer.  It  is  a  different  matter  when  the  Dewar  flask  is  placed  inside. 


A 


Pig.  21,  Trap  of  the  "passageway"  type.  Diagram  of 
the  trap 

A  —  level  to  which  the  mercury  rises  bofore  the  gas 
is  cooled;  1  —  outer  tube;  2  —  capillary-analyzer; 

3  —  inner  Dewar  flask  within  which  the  mercury  can 
pass  without  obstruction  during  the  freezing  of  the 
walls  of  the  tube  i;  4  —  outer  Dewar  flask  for  cool¬ 
ing  of  the  tube  i;  5  —  gl**#  shield  protecting  the 
upper  end  of  the  tube  1  from  the  cold  vapors  of  liquid 
nitrogen. 


In  this  case,  the  plug  of  freezing  mercury  will  only  form  in  the  space  between 
the  outer  wall  of  the  Dewar  tube  and  the  frozen  wall  of  the  pump  line.  The 
passageway  within  the  Dewar  tube  does  not  freeze  at  all  and  r^alns  open  for 
the  passage  of  the  mercury.  On  rising  aloag  this  line,  the  mercury  emerges 
through  the  upper  epeuing  of  the  tube  and  fills  the  entire  space  of  the  trap. 
Leaving  behind  the  frozen  plug,  the  mercury  eaters  into  the  caplllSLry-ana- 
lyzer,  there  colleetliig  all  the  gas  which  is  subject  to  "freezing."  When 
the  required  pressure  is  reached  in  the  capillary,  high  voltage  is  fed  to  the 
electrodes  which  surround  the  capillary,  and  the  gas  enclosed  in  the  capillary 
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beglrui  to  glow.  A  spectrograph  is  used  to  photograph  the  spectrom  of  thl  8  glow 
and  an  anal^le  of  the  gas  saaple  is  made  on  the  basis  of  this  spectrum. 

6.  Resultg  of  the  E:icperiroenta 

Much  work  was  carried  out  by  us  in  the  collection  of  air  samples  from  great 
altitudes  dxrring  the  period  1951  to  1957*  We  analysed  these  samples  in  collab- 
oraticm  with  O.P*  Bochkova.  The  methods  described  in  this  report  were  used  In 
sampling  and  analj'-sia.  Not  all  of  the  experiments  were  successful.  Table  2 
therefore  gives  only  the  results  of  those  analyses  for  which  we  have  no  reser¬ 
vations  as  to  the  purity  of  the  experiment.  The  samples  were  taken  in  the 
middle  latitudes  of  the  European  part  of  the  USSR,  primarily  in  the  spring  and 
sumaer  In  the  morning  hours  (local  time). 

The  data  in  Table  2  make  it  possible  to  conclude  that  l)  up  to  an  altitude 
of  95  ton  there  is  no  appreciable  separation  between  oxygen  and  nitrogenj  and 
2)  the  volume  of  the  heaviest  gas,  argon,  is  lees  at  heights  of  Q5  to  95  ton 
than  at  the  ear>th*e  surface. 


Table  2. 


H,km 

1— .. — - - 

Pressure 
within  the 
Cylinder,  mm 
of  Hg 

Conpoeltion  of 
Sample,  $  by 
Volume 

H,  km 

Pressure 
within  the 
Cylinder,  mm 
of  Hg 

Compoeition  of 
Sample,  $  by 
Volume 

Op 

A 

Op 

Np 

A 

65 

1,7*10'! 

19.0 

80 

0.94 

82-85 

4.10-a 

24.5 

74 

0.77 

75-80 

2.0-10-* 

21.0 

78 

0.95 

82-85 

5.7*10-* 

20.5 

78 

0.79 

75-80 

2.5-10-* 

21.0 

78 

0.95 

32-85 

4.4*10-* 

19. q 

So 

0.91 

80 

l,l*10-» 

21.5 

78 

SU^ 

85 

5.7-10-* 

21.0 

78 

0.86 

80 

1.0«10-» 

19.0 

30 

0.86 

85 

5.2*10-* 

21.0 

78 

0.90 

80 

1.5*10”* 

22.0 

77 

0.87 

85 

1.4*10-* 

21.0 

78 

0.88 

80 

8.0-10-* 

25.0 

76 

0.90 

95 

i.2*10-» 

21.5 

77 

0.76 

The  decrease  in  argon  with  increasing  height  is  still  relatively  small,  but 
nevertheless  it  can  be  concluded  that  there  is  diffuse  separation  at  altitudes 
of  the  order  of  100  km. 

Recent  data  on  the  c  xcposltion  of  the  upper  layers  of  the  atmoei^ere  give 
us  a  less  fragmentsury  picture  than  we  had  only  three  years  ago.  True,  there 
still  r^Boain  certain  disparities  between  tnoory  and  sxpexlraental  data,  but 
these  relate  to  individual  experin^ntal  results,  especially  results  obtained 
by  means  of  radi ofrequency  mass  spectrometers.  Recent  work  gives  data  which 
are  in  good  agreement.  At  the  same  time  a  careful  crttlcal  analysis  of  pre¬ 
vious  work  has  revealed  defects  which  have  led  to  ccmtiedlctlons  In  their  re¬ 
sults  and  which  have  made  it  impossible  to  accept  them  at  face  value. 
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The  very  essence  of  the  method  of  taking  samples  has  recently  been  sub¬ 
jected  to  question  in  a  number  of  articles.  It  therefore  seems  necessary 
that  we  examine  in  detail  the  objections  and  apprehensions  expressed. 

For  example,  in  an  article  by  Ye.G.  ShvidJcovskiy,  it  is  correctly  pointed 
out  that, generally  speaking,  when  employing  the  method  of  sampling,  the  proper 
interpretation  of  the  results  requires  a  precise  knowledge  of  the  auigle  between 
the  velocity  vector  of  the  rocket *8  (capsule's)  trajectory  and  the  sixls  of  the 
inlet  of  the  cylinder  at  the  mccient  of  sampling.  It  is  very  difficult  to  de¬ 
termine  this  angle  of  incidence.  However,  to  a  great  extent  this  difficulty 
has  been  avoided  through  the  particular  manner  in  which  our  measurements  were  made 
in  the  capeule.  The  meaauremenls  were  faclliMited  by  the  low  velocity  of  the 
capsule  at  the  moment  the  sample  was  taken  —  sm  order  less  then  the  mean  th^snaal 
velocity  of  molecules  (peak  of  the  trajectory)  —  aiid  the  positioning  of  the 
cylinders  within  the  unlioused  part  of  the  capeule.  The  cylinders  were  attached 
in  such  a  way  that  their  inlets  did  not  fall  directly  in  the  flov. 

The  essence  of  the  objections  advanced  by  Martin  is  that  the  gravitational 
separation  discovered  by  Paneth  is  the  result  of  distortions  of  the  composition 
resulting  from  neasurements  on  the  rocket.  In  particular,  ths  prestruce  of  a 
long  inlet  in  the  cylinder  (25  cm)  can  lead  to  the  forced  separation  of  gases 
entering  into  the  cylinder  under  the  Knudsen  regime.  It  is  also  pointed  out 
that  the  great  velocities  of  the  rocket (several  times  greater  than  the  velocity 
of  sound  at  the  time  of  the  sampling),  result  in  a  disparity  between  internal 
pressure  in  the  cylinder  and  external  pressure,  and  Increase  the  poosibillty 
of  forced  separation,  thereby  creating  a  regime  of  nonstationary  flow. 

The  computati<Mis  made  by  Martin,  which  take  into  consideration  the  specific 
elements  involved  in  the  experiment  (capacity  of  the  cylinder,  diameter  of  the 
inlet  mouth,  length  of  the  inlet  Itself,  velocity  of  the  rocket,  moment  of 
sampling,  etc.),  seemingly  confirm  his  assumption  that  there  is  a  forced  separa¬ 
tion  of  gases  at  the  moment  the  sample  is  taken.  However,  our  experiments  have 
not  confirmed  Martin's  assumption  as  to  the  forced  separation  of  gases.  In 
fact,  all  of  the  specific  elements  of  our  experiment  differed  completely  from 
the  specific  elements  of  the  American  work.  First,  our  low-capacity  tanks  have 
virtually  no  inlets  (the  length  of  the  passage  in  the  seal  does  not  exceed  1  cm). 
Second,  the  velocities  at  which  the  samples  were  taken  do  not  exceed  50  m/sec 
(peak  of  trajectory)*.  The  pressixres  Inside  and  outside  the  cylinder  are  there¬ 
fore  well  matched,  and  this  is  evidence  of  ft  balanced  process  of  establishing 
pressure  in  the  cylinder.  Third,  our  measurmaents,  mode  on  an  easil^^-  ventilated 
small  capeule  ejected  frcei  a  rocket,  differ  substantially  in  aerodynamic  condi¬ 
tions  from  the  Aaterlcan  work  on  the  rocket  Itself.  Thus,  the  Ideas  of  Martin, 
which  he  expressed  in  respect  to  the  American  work,  are  scarcely  applicable 
to  the  description  of  the  j^ysical  processes  transpiring  during  the  taking  of 
samples  in  our  experiments,  and  the  results  of  our  work  are  in  good  agreeioent 


*  It  is  superfluous  to  mention  here  the  advantages  of  a  capeule  over  a  rocket. 
In  making  an  experiment  with  a  rocket  the  researcher  must  invarlab]^  work  at 
high  velocities  in  order  that  the  associated  cloud  of  hostile  gases  be  blown 
away.  There  is  no  need  of  this  for  a  capsule  not  accompanied  by  such  gases. 
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vl,th  th«  TTork  of  E*A»  Wens«l.  Fig*  22  is  a,  used  for  illustmtlng  this 

point  (the  gr&]^  va»  takien  frao  the  vork  of  E»A,  ysnsei)^.  This  grapJi  8how«  a 
comparison  of  dats,  from  th©  American  work  in  determining  the  gravitational 
separation  of  the  ititrogen  and  argon  gases  by  th®  sempling  method  (black  dots) 
and  the  radio- freq.u^ncy  nus«®-sp»ntrcro»ter  method  (open  circles)  with  our  data 
( squflLres ) •  The  coefficient  at  separation  r  is  laid  off  along  the  x-axie  on  the 
graph  (if  r  “•  1,  separatiicwi  1»  sibsenfc),  and  altltiide  is  laid  off  along  the 
y-axls. 

If  ve  take  into  account  the  fact  that  the  time  and  place  for  taking  our 
smuples  (Kid  the  American  Kamplec  (low,  high,  and  middle  latitudes)  are  very 
different  from  one  another,  the  (sigreement  in  the  results  mvwt  be  considered 
good.  It  seems  extremely  improbable  that  the  results  of  the  anAlyseB  made  in 
our  country  and  abroad  would  coincide  accidentally.  The  probability  of  such 
coincidence  becomes  even  leas  if  we  take  into  account  the  fact  that  the  indi¬ 
cated  experiments  differ  not  only  in  the  method  of  sampling,  bat  (BJjso  In  the 
method  of  analysis  itself.  It  should  rather  be  assumed  that  the  experimental 
data  derived  in  our  country  and  abroad, which  confirm  the  presence  of  the  gravi¬ 
tational  separaticsn  of  nitrogen  and  argon  gases  at  altitudes  of  the  order  of 
100  km,  are  quite  objective. 
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Fig.  22.  Gravitational  s^paratioa  of  th« 
nltrogon  and  argon  gases ^ 
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SUBJECT: 


AID  Work  Assignment  No.  32  (National  Weather  Service, 
USSR),  Report  1. 

SOURCES:  Indicated  below. 


l)  Obukhov,  A.M.,  and  A.M,  Yaglom.  On  the  microstructure  of 
atmospheric  turbulence;  review  of  recent  work  In  the  USSR. 

IN:  Royal  Meteorological  Society,  Quarterly  journal,  v.  85, 
no.  364,  Apr  1959. 

In  the  USSR,  a  number  of  theoretical  and  experimental  investi¬ 
gations  concerning  the  microstructure  of  the  principal  meteorolog¬ 
ical  fields  --  mainly,  those  of  wind  velocity  and  temperature 
have  recently  been  carried  out.  Some  special  problems  of  the  phys¬ 
ics  of  the  atmosphere  have  also  been  studied  using  the  results  of 
the  first  investigations. 


2)  II 'in,  I. A.  Hydrometeorological  study  of  mountainous  regions. 

Meteorologlya  1  gidrologiya,  no.  2,  1962,  46-47. 

Hydrometeorological  service  in  mountainous  areas  of  the  USSR 
is  considered  completely  Inadequate  for  collecting  data  on  snow 
accumulations  in  watersheds,  precipitation,  and  runoff.  These 
data  are  needed  for  making  hydrological  computations  and  forecasts. 
The  only  feasible  means  to  Improve  operations  appears  to  be  an  in¬ 
crease  in  personnel  at  already  established  stations  and  an  improve¬ 
ment  in  the  program  of  observations.  Most  stations  make  little 
effort  to  make  observations  away  from  their  Immediate  vicinity. 

Many  meteorological  stations  of  the  Kirgiz  and  Tadzhik  SSR’s  make 
no  attempt  to  study  the  rivers  and  lakes  on  which  they  are  situated 
or  nearby  glaciers.  Also  they  are  often  ignorant  of  the  meteoro¬ 
logical  conditions  In  nearby  areas.  Many  stations  are  in  fact 
badly  placed  and  their  data  are  atypical  for  the  area. 

A  series  of  eight  measures  is  recommended  for  Imoroving  the 
service:  l)  standard  observations  at  all  stations;  2)  study  of  all 
rivers  and  water  bodies;  3)  careful  selection  of  station  sites  at 
points  where  runoff  studies  can  be  made;  4)  snow  cover  study  by  all 
stations  on  traverses  10  to  20  km  long;  5)  measurea^nt  of  preciDl- 
tation  over  more  extensive  areas  in  the  vicinity  of  stations;  6)  pre 
clpltation  measurements  near  observers'  dwellings;  7)  study  of  near¬ 
by  glaciers;  and  8)  selection  of  site  and  observation  program  to  be 
by  a  professional  commission. 


3)  Taradankln,  A.  Friend  of  the  Polar  specialist.  Sovetskaya 
Rosslya,  10  Nov  1961,  4. 

Scientists  aboard  the  nuclear- powered  Lenin  operating  in  the 
Chukchi  Sea  have  set  up  automatic  meteorological  stations.  The 


first  such  unit  was  established  at  the  CIl-lO  drifting  station. 
By  9  or  10  Nov,  10  stations  had  [apparently]  been  established. 

The  radio  buoys  and  automatic  stations  facilitate  the  deter¬ 
mination  of  ice  flow  force  and  direction  and  transmit  data  on 
temperature  and  wind  velocity  and  direction.  Antennas  for  the 
stations  are  about  12  meters  long. 


4)  Burkova,  M.V.  On  westerly  cyclones  over  Soviet  Central  Asia. 

IN:  Sredneazlatskly  nauchno-lssledovatel 'skly  gldroraeteorolo- 

gicheskly  ins tit ut.  Trudy,  no.  4  (19)#  1961,  10-12. 

Westerly  cyclones,  differing  from  the  region's  three  generally 
accepted  cyclone  types  (the  South  Caspian,  the  Murgablan,  and  the 
Upper  Amu  Dar'yarian),  have  been  studied  and  a.^slgned  a  separate 
category  in  the  regional  climatology  of  Soviet  Central  Asia.  The 
westerly  cyclones  differ  from  the  South  Caspian  in  the  nature  of 
the  macrosynoptic  situation  that  precedes  the  cyclone  breakout  and 
in  the  position  of  the  planetary  upper-level  frontal  zone.  They 
originate  in  a  broadly  orientated  planetary  upper-level  frontal 
zone,  pass  over  the  Mediterranean,  and  travel  in  the  direction  of 
the  Black  Sea  and  Soviet  Central  Asia.  The  westerly  cyclones  are 
almost  entirely  occluded  and  do  not  cause  any  noticeable  waiTnlng, 
but  do  bring  considerable  precipitation  l)  in  the  occluded  front 
area  and  2)  to  the  rear  of  the  cyclone.  They  cause  strong  winds 
on  the  Aral  Sea  and  in  the  Kara  Kalpak,  Owing  to  their  regular 
movement  along  almost  straight  Isohypsal  lines,  the  westerly  cy¬ 
clones  are  easy  to  forecast. 


5)  Dubov,  A.S,  All-Union  scientific  meteorological  conference 
marking  the  40th  year  of  the  Soviet  Hydrometeorological 
Service.  IN:  Akademlya  nauk  SSSH.  Izvestiya,  Serlya  geo- 
fizlcheskaya,  no.  1,  Jan  1962,  138-141. 

. . ,  P.K.  Yevseyev  discussed  the  modern  computer  techniques 
employed  in  the  State  Hydrometeorological  Service  and  the  pro¬ 
spective  use  of  automation  in  processing  observations.  Among 
the  Important  steps,  he  noted  the  organization  of  a  Joint 
meteorological  computation  center  and  the  preparation  of  a  cen¬ 
tralized  computer- -telemetering  center  for  processing  aerologlcal 
data. 


...  In  the  section  of  the  physics  of  the  free  atmosphere  (chair¬ 
men  V.Ya,  Nlkandrov,  N.Z.  Plnus,  and  A.Kh.  Khrlyan),  47  reports 
were  given  on  the  physics  of  clouds,  active  modification  of  clouds, 
radar  investigations,  atmospheric  electricity,  chemistry  of  clouds, 
and  physics  of  the  upper  layers  of  the  atmosphere.  The  resolutions 
of  the  section  commended  the  successful  experimental  work  in  creat¬ 
ing  new  approaches  for  direct  investigation  of  the  upper  layers  of 
the  atmosphere  and  the  electrical  and  other  characteristics  of 
clouds.  The  basic  problem  of  future  Investigation  will  be  to 
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satisfy  the  demands  of  the  national  economy  for  aerologlcal  data 
on  high  altitudes,  the  expansion  of  the  application  and  experi¬ 
mental  development  of  the  active  modification  of  clouds,  and  the 
study  of  atmospheric  turbulence. 

6)  Newsweek,  5  Feb  1962,  52. 

"Dr.  Donald  Gilman,  a  research  meteorologist  with  the  United 
States  Weather  Bureau,  is  reported  to  have  given  an  evaluation  of 
Soviet  long-range  weather  forecasting  at  a  meeting  of  the  American 
Meteorological  Society  in  New  York.  In  his  comparative  evaluation 
of  performance,  using  100  as  a  standard,  he  rated  Western  fore¬ 
casters  in  the  20  to  30  bracket  and  Soviet  forecasters  at  -2. 

"Despite  the  Russians'  poor  showing,  he  continued,  the  fore¬ 
casting  method  they  used  is  most  promising.  It  is  called  the 
'dynamic  model'  system  in  which  a  mathematical  model  of  the 
weather  is  drawn  up  using  the  classical  laws  of  hydrodynamics  and 
thermodynamics  and  the  current  weather  readings.  'You  simply  run 
the  data  through  a  computer,'  Gilman  said,  *and  stop  at  anything 
from  a  24-hour  to  a  seasonal  projection.  We  use  this  method  for 
the  five-day  forecasts,  but  we  think  that's  the  limit  of  its  re¬ 
liability.  The  Soviets  made  a  brave  attempt  to  carry  it  all  the 
way  out  to  monthly  and  seasonal  forecasts,'  ^ext  year,  however, 
the  Russians  may  be  doing  as  well  as  everyone  else,  for  they  have 
appare/)tly  decided  that  they  were  pushing  their  mathematical  tech¬ 
nique  too  far.  Now  they  have  abandoned  it  for  the  more  reliable 
'empirical'  method. 

"Empirical  forecasts  are  made  largely  by  comparing  current 
readings  with  past  records.  The  system  is  safer.  Dr,  Oilman 
noted,  'but  potentially  not  as  powerful  as  the  dynamic  model, 
which  could  change  forecasting  from  an  art  to  a  physical  science,'" 


7)  Sereglna,  V,  Vechernyaya  Moskva,  5  Pat  1962. 

The  5  Pet  1962  issue  of  Vechernyaya  Moskva  carries  a  report 
by  V.  Sereglna,  scientific  woi^er'  at  ohe  d'entral  Institute  of 
Weather  Forecasts,  on  weather  conditions  prevailing  in  different 
parts  of  the  world  during  the  preceding  week.  The  report  indi¬ 
cated  that  the  weather  throughout  Europe  during  the  first  part 
of  the  week  had  been  quite  cold,  wltn  temperatures  ranging  from 
-27  to  -32 'C  in  Norway,  Sweden,  and  Finland.  The  cold  wave  had 
penetrated  as  far  south  as  the  Mediterranean,  with  snow  in  Italy 
and  such  unusually  low  temperatures  as  -1  to  -4*C  in  Corsica, 
Sardinia,  the  Appenlne  peninsula, and  southern  France.  Even  in 
Tunisia  and  Algeria,  where  winters  are  generally  warm,  the  snow 
was  70  cm  deep  in  some  places. 

Toward  the  end  of  the  week,  there  was  an  overall  increase  in 
temperature,  increased  cloudiness,  and  high  winds  [described  in 
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detail]  throughout  Europe.  In  the  North  Atlantic  and  along  the 
coast  of  Canada  and  the  United  States  very  cool  and  windy  weather 
prevailed.  During  this  period,  the  weathei*  in  India,  Indonesia, 
and  Central  Africa  remained  seasonably  hot  with  temperatures 
ranging  between  30  and  40*C,  and  the  sun  shining  brightly. 

COMMENT: 

Such  weather  reports  as  that  Just  described  are  becoming  a 
common  feature  in  the  Soviet  press .  They  apparently  provide  a 
check  of  the  reliability  of  worldwide  forecasts  being  made  by 
Soviet  meteorologists  in  the  course  of  Integrated  and  synoptic 
weather  studies.  As  fas  as  is  known,  these  reports  are  not  pub¬ 
lished  elsewhere. 


3)  Qoshko,  I. I.  Meteorological  advice  to  military  pilots. 

Vestnlk  vozdushnogo  flota,  no.  1,  I960,  48, 

At  Soviet  Air  Force  bases  there  is  always  a  meteorologist  on 
duty  ready  to  give  advice  about  meteorological  conditions  during 
the  training  flights.  When  flying  under  complicated  meteorological 
conditions,  the  pilot  especially  needs  Information  on  the  character 
of  the  cloudiness,  upper  and  lower  boundaries  of  clouds,  etc.  A 
knowledge  of  these  data  will  help  the  pilot  to  make  a  proper  selec¬ 
tion  of  the  flight  profile  and  to  take  necessary  precautions, 

Soviet  military  flying  personnel  are  constantly  studying  meteorol¬ 
ogy.  The  knowledge  they  obtain  in  the  classroom  is  supplemented 
by  practical  training.  Experienced  meteorologists,  in  regular 
consultations  with  pll-^ts,  analyze  synoptic  conditions  and  thorough]y 
explain  weather  maps. 


9)  Zhukovskiy,  V.V.  Meteorological  training  of  air  force  pilots. 

Vestnlk  vozdushnogo  flota,  no,  2,  I960,  60, 

Experience  has  shown  that  pilots  who  have  had  proper  theoret¬ 
ical  instruction  in  meteorology  can  master  the  analysis  of  synoptic 
maps  and  can  learn  to  compile  short-range  weather  forecasts. 

Therefore,  flight  crews  are  required  to  attend  classes  in  meteorology, 
where  at  first  they  study  a  general  program  and  the  climatic  peculi¬ 
arities  of  the  flight  region.  They  advance  to  a  meteorological  service 
group,  where  in  the  first  phase  they  learn  to  read  the  symbols  of 
weather  maps  fluently,  to  trace  isobars,  and  to  determine  air  masses 
and  discern  frontal  boundaries.  In  short,  they  learn  to  process  and 
analyze  general  weather  maps.  The  second  phase  involves  the  rough 
processing  and  analysis  of  a  regional  synoptic  dense-network  map, 
participation  in  the  analysis  of  the  total  synoptic  material,  and 
finally,  at  the  end  of  the  workday,  the  compiling  of  a  weather  fore¬ 
cast  for  the  next  24  hours. 

In  addition,  the  pilots  must  learn  the  symbols  of  the  synoptic 
code  used  on  weather  maps,  assist  the  meteorologist  on  duty  in  draw¬ 
ing  up  synoptic  charts,  and  finally,  make  short-range  weather  fore¬ 
casts  on  their  own. 
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SUBJECTS  AID  Work  Aeslgnmenfc  No.  32  (National  Weather  Service,  USSR), 
Report  1 .  Paragraph  J  L 

SOURCKs  Borovikov,  A.  M.,  I.  I.  Oayvoronskly,  Ye.  0.  Zak, 

V.  V.  Kostarev,  I.  P.  Mazln,  V.  Ye.  Mlnervln,  A.  Kh.  Khrglan, 
and  S.  M.  Shmeter.  Plzlka  oblakov  (Physlca  of  cloude). 
Leningrad,  Gldrometeolzdat ,  I96I.  458  p, 

/■  1  ■  ^ ff-. 

ABSTRACTS:  Artificial  Activation  of  Clouds  and  Fogs 


The  Advantages  of  Solid  Carbon  Dioxide 
-  - - 


Solid  carbon  dioxide  Is  cheap,  simple  to  use,  and 
effective.  One  kg  of  carbon  dioxide  produces  the  same  results 
as  23  kg  of  silver  Iodide  or  400  kg  of  water  In  the  liquid  phase. 
In  order  to  predict  the  effect  of  a  reagent  and  to  estimate  how 
much  of  It  should  be  used.  It  Is  necessary  t  know  Its  effective 
quantitative  characteristics  under  different  meteorological 
conditions.  The  basic  processes  taking  place  when  solid  carbon 
dioxide  Is  used  were  Investigated  In  the  USSR  by  Nlkandrov, 
Krutskaya,  Solov'yev,  Shefer,  and  Gayvoronskly. 


The  Effect  of  Carbon  Dioxide  on  the  Phase  Transformation  of  Clouds 


Studies  have  shown  that  the  effect  of  carbon  dioxide 
on  the  phase  transformation  of  clouds  and  fog  Is  purely  thermal. 
Experiments  conducted  at  the  Central  Aerologlcal  Observatory 
showed  that  when  carbon  dioxide  was  Introduced  Into  a  closed 
cooling  chamber  8  m*  filled  with  fog,  where  the  prevailing 
temperature  was  -10*0,  the  same  crystallization  process  took 
place  as  under  open  air  conditions.  Furthermore,  kerosene, 
benzine,  ether,  desalinated  Ice,  and  other  substances  precooled 
to  -60  to  -7Q*C  and  Introduced  Into  the  chamber  also  Induced 
Intense  crystallization  of  the  fbg.  This  disproves  the  belief 
held  earlier  that  the  Introduction  of  dry  Ice  Into  clouds  Is 
accompanied  by  the  formation  of  chemically  active  nuclei. 


Uae  of  Solid  Carbon  Dioxide 

Tpp:‘'35r-35T1 - - - 


There  are  2  methods  for  the  aerial  injection  of  solid 
carbon  dioxide  (CO^, )  into  clouds:  1)  by  evaporating  carbon 
dioxide  directly  from  the  plane  while  flying  through  a  cloud 
or  fog,  and  2)  by  seeding  granulated  solid  carbon  dioxide  while 
flying  over  the  cloud's  upper  boundex*y.  A  granule  of  soUd 
CO.  1  cm  In  diameter  will  fall  approximately  4.3  cm 
before  evaporating.  Thus,  smaller  granules  may  be  useu  xii 
seeding  clouds  of  relatively  small  vertical  thickness.  Accord¬ 
ing  to  the  Central  Aerologlcal  Observatory,  granules  less 
than  0.3  to  0.3  cm  in  diameter  do  not  induce  the  required 
effect  due  to  considerable  evaporation  before  reaching  the 
cloud.  It  is  most  importat^t  thar  seeding  be  continuous  and 
uointerrupted.  If  seeding  is  "focal",  a  total  dispersion  may 
not  be  achieved. 

The  rate  at  which  CO^  Is  fed  Is  of  considerable  Impor¬ 
tance.  In  the  process  of  seeding,  clouds  or  fog  are  totally 
transformed  from  the  droplet  to  the  crystalline  phase.  A  very 
large  number  of  the  small  crystals  formed  do  not  reach  the 
size  of  snow  flakes  because  of  the  lack  of  moisture,  and  re¬ 
main  in  a  state  of  suspension.  V.  Ya.  Nikandrov  developed 
a  theoretical  basis  for  computing  the  amount  of  solid  COs  to 
be  fed  in  activating  supercooled  clouds,  and  I.  I.  Cayvoronskiy 
established  experimentally  the  optimum  dosage  for  dispersing 
supercooled  clouds  and  fog. 

The  dosage  denends  on  the  orevailing  ternperature . 

In  dispersing  fog  at  -5^C  and  at  -15*C,  the  outlay  of  carbon 
dioxide  Is  100  g  and  30  g  respectively  per  1  km  traversed. 

The  dispersion  of  clouds  requires  a  greater  expenditure, 
because  clouds  contain  a  greater  amotmt  of  water.  Usually, 

5  min  after  seeding,  snowfall  is  observed,  and  after 

35  to  50  min,  depending  on  the  vertical  thickness  of  the  cloud, 

the  cloud  is  completely  dispersed  in  the  area  of  activation. 

The  average  width  of  the  zone  of  dispersion  in  one  run  of  the 
airplane  is  3  to  5  taa.  An  increase  in  the  dosage  of  CO^  increases 
the  width  of  the  dispersion  zone  only  up  to  a  point.  The  rate 
of  propagation  in  the  dispersion  zone  both  in  clouds  amd  fogs 
is  on  the  average  approximately  2m/8ec.  At  low  temperatures, 
this  rate  is  slightly  higher.  The  upper  temperature  threshold 
of  the  effective  application  of  solid  carbon  dioxide  is  between 
-3  to  -4*C.  The  lower  margin  is  determined  by  the  amount  of 
water  drops  in  the  cloud  or  fog. 

Studies  conducted  by  the  Central  Aerologlcal  Observatory 
indicate  that  clouds  of  mixed  structure  may  be  dispersed  with 
small  quantities  of  CG^  .  Fogs  of  mixed  structure,  particularly 
radiation  fogs,  are  very  rare.  In  such  cases,  COt  is  seeded  either 
from  an  airplane  or  from  the  ground. 
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Aerial  CO^  Equipment 
IPPV  3B3"-33b-] - 


In  1957  &n  automatic  dosimeter  unit,  which  granulates 
and  disseminates  specified  amounts  of  CO  ,  was  designed  for  use 
on  a  plane.  Its  most  important  parts  are  1)  a  granulating 
mechanism  which  produces  granules  0«5  to  1.0  cm  in  diameter  from 
solid  or  snowlike  CO,,  2)  a  dosimeter  which  meters  out  between 
100  and  3000  g  of  CO^  per  minute,  3)  a  control  panel  for  starting, 
stopping,  and  controlling  all  operations,  4)  a  container  for 
storing  solid  or  snowlike  CO,,  and  5)  a  clamping  device  for  holding 
the  CO,  block  during  the  granulation  process.  The  various  mechanisms 
are  operated  by  an  electric  motor  fed  by  the  plane’s  electric 
system. 


Q-round  CO,  Equipment 
IPP. 


Studies  conducted  by  the  Central  Aerologlcal  Observatory 
show  that  when  CO,  Is  evaporated  from  the  plane  into  the  lower  part 
of  a  cloud,  the  crystallization  proceeds  Intensely  from  the  bottom 
upward.  A  zone  of  dispersion  is  eventually  formed  which  Is  as 
large  as  the  zone  of  dispersion  which  forms  when  the  CO,  is  intro¬ 
duced  into  the  upper  part  of  the  cloud. 

With  the  use  of  this  method,  a  cloud  300-400  m  In  vertical 
thickness  was  successfully  dispersed.  The  ground  equipment  con¬ 
structed  In  1954  for  this  purpose  has  the  following  operating 
partes  1)  a  cylinder  containing  liquid  CO,,  2)  a  metering  device 
for  feeding  CO,  Into  the  fog  at  the  rate  of  25  to  50  g/km,  3)  a 
ventilator  with  a  guide  funnel,  4)  a  motor  for  rotating  the 
ventilator,  5)  a  control  panel,  and  6)  an  encloaod  operator’s  cabin. 
The  entire  unit  Is  fixed  to  a  sled  which  can  be  easily  moved  from 
place  to  place  by  a  tractor  during  the  operation.  The  cylinders 
are  equipped  with  overflow  valves.  The  liquid  CO,  flows  from  the 
cylinder  into  the  collector,  then  along  a  tube  toward  the  exit 
valves  Into  the  metering  device,  and  subsequently,  into  the  diffuser 
where  It  expands  quickly  and  Is  transformed  from  the  liquid  into 
the  solid  (snowflake)  phase.  A  stream  of  air  from  the  ventilator 
breaks  up  the  CO,  Into  small  pieces  which  rise  to  a  height  of 
10  to  12  m.  The  unit  is  also  equipped  to  use  dry  ice.  Experiments 
shew  that  such  a  unit  operating  from  the  ground  may  be  used  to 
disperse  supercooled  clouds  over  an  area  of  several  tens  of 
kilometers  square.  A  slightly  different  unit  was  developed  at 
the  same  time  In  which  the  carbon  dioxide  was  released  under 
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pressure  from  the  cylinder  Into  the  atmosphere  to  a  height  of 
3  to  S  m.  The  dispersion  of  fog  over  an  area  of  several  tens 
of  kB*  would  require  several  such  units. 


Aerosol  Oenerators 
TFpT  358  ”^bTJ - 


The  formation  of  Ice  nuclei  from  silver  iodide  and 
similar  substances  is  accomplished  with  the  use  of  special  generators, 
most  of  them  based  on  the  Vonnegut  generator.  Such  an  aerosol 
generator  was  built  at  the  Central  Aerological  Observatory.  The 
aerosols  are  formed  during  the  combustion  of  the  silver  iodide 
solution  in  acetone  in  a  hydrogen  flame.  The  basic  parts  in  this 
generator  are  l)  a  gas  burner,  2)  a  cylinder  with  a  hand  compressor 
for  storing  the  solution,  3)  a  hydrogen  cylinder  with  a  reducer, 

4)  a  panel  for  fixing  the  gas  burner  to  the  combustion  chamber,  and 
3)  a  ski  to  which  the  assembly  is  attached. 

Silver  iodide  dissolves  poorly  in  acetone  but  quite  well 
in  acetone  solutions  of  such  iodides  as  KJ,  NaJ,  NQ|J,  etc.  A 
solution  of  NaJ  or  KJ  in  acetone  is  first  prepared  and  the  required 
amount  of  AgJ  Is  dissolved  in  It.  Usually  solutions  are  used  in 
which  200  g  of  AgJ  are  dissolved  in  a  liter  of  acetone.  The  dosage 
of  silver  iodide  is  determined  by  the  problem  at  hand.  7or  example, 
in  dispersing  fog,  the  optimum  amount  is  1  to  2  g/min.  In  activatir 
tlilok  ciimulus  cloudy  this  amount  should  be  increased. 

Some  generators  which  are  similar  to  furnaces  have  a 
blower  for  burning  charcoal  soaked  in  a  solution  of  silver  Iodide. 

For  seeding  from  a  plane,  P.  K.  Krasikov  suggested  preparing  special 
briquets  consisting  of  charcoal,  AgJ,  and  mazut. 

In  generating  silver  iodide  smoke  aerosol,  particles  of 
different  sizes  are  formed.  Only  particles  idiich  reach  certain 
critical  sizes  may  serve  as  crystallization  centers.  The  critical 
size  of  particles  Increases  with  temperature.  In  burning  1  gram 
of  silver  iodide  at  a  temperature  of  -lO'C  in  the  generator  describ¬ 
ed,  about  10^  active  particles  are  formed,  their  number  increasing 
to  10^®  when  the  teiqperature  falls  to  -20®C. 

The  size  of  silver  iodide  smoke  particles  formed  in  this 
type  of  generator  is  between  3- 5*10"*  and  7*10“''  cm.  'Hiese  sizes 
are  close  to  the  size  obtained  by  P.  N.  Krasikov  and  N.  V.  Mamontov, 
who  showed  that  the  majority  of  particles  formed  by  different  methods 
of  distilling  iodide  cosq)ounds  of  silver  and  lead  are  between 
1*10-*  to  8»10“*  cm.  A  large  number  of  smaller  particles  are  also 
formed  at  this  time.  However,  even  at  low  temperatures  the  small 
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particles  cannot  be  active  crystallization  nuclei  under  ordinary 
saturation  conditions  over  water  and  Ice* 

The  Central  Aerologlcal  Observatory  found  that,  with  an 
Increase  In  the  outlay  of  sliver  Iodide,  the  number  of  particles 
formed  from  1  gram  decreases;  this  Is  probably  due  to  the  Increased 
size  of  the  particles  generated* 


Use  of  Rockets  In  Dispersing  Clouds 


Rockets  are  cheaper  and  simpler  to  use  than  airplanes 
for  dispersing  clouds.  A  rocket  may  be  used  to  activate  either 
a  par»^lcular  cloud  or  a  field  of  clouds  over  a  large  territory. 
[Translator’s  note:  The  data  provided  are  for  an  Italian  rocket. 
No  details  are  furnished  on  Soviet  rockets.] 


Results  of  Experiments  In  Ae-tii^attng  Jiiouda  and  Fogs 


The  re  la|;  Ion  ship  between  the  amount  of  solid  carbon 
dioxide  (CO,)  or  silver  Iodide  used  and  the  amount  of  precipi¬ 
tation  Induced  In  seeding  cumulus  clouds  has  not  yet  been 
thoroughly  Investigated.  Overseeding  of  clouds  of  relatively 
small  vertical  thickness  should  be  avoided  because  the  number 
of  ice  nuclei  formed  grows  to  such  an  extent  that  they  prevent 
the  formation  ol  large  particles. 

The  effectiveness  of  dispersed  water  Is  much  lower  than 
that  of  solid  carbon  dioxide  or  silver  Iodide,  which  points  out 
the  Importance  of  the  solid  phase  in  the  formation  of  precipitates* 

In  the  USSR, the  study  of  methods  of  countering  the 
formation  of  hall  In  large  cumulus  clouds  has  been  conducted 
mainly  In  the  Alasanskaya  Valley  In  the  Gruzinskaya  [Georgian] 

SSR  by  the  Academies  of  Sciences  of  the  USSR  and  the 
Gruzinskaya  SSR,  the  Hydrometeorological  Service,  the  Central 
Aerologlcal  Observatory,  the  Main  Geophysical  Observatory,  and 
the  Tbilisi  Scientific  Research  i^drooMteorologlcal  Institute. 

In  activating  clouds,  special  roclMts  are  used  to  deliver  dry 
ice  or  silver  Iodide  Into  the  supercooled  p&rt  of  the  cloud. 
Hygroscopic  reagents  and  dry  Ice  are  Introduced  Into  the  clouds 
additionally  from  a  Jet  plane. 
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In  dispersing  supercooled  clouds  and  fog  ove^  airports, 
solid  carbon  dioxide  is  introduced  into  the  cloud  with  the  use  of 
an  airborne  automatic  metering  device.  This  method,  however, 
can  be  used  for  clearing  airports  only  under  certain  meteorological 
conditions.  The  seeding  takes  place  some  distance  from  the 
airfield  so  that  the  cleared  space  travels  to  the  airport.  This 
requires  that  the  velocity  and  direction  of  the  wind  at  the  upper 
level  of  the  clouds  be  determined  in  advance. 

In  dispersing  supercooled  fogs,  ground  CO,,  equipment 
may  be  used.  Particles  of  CO,  released  by  the  iinit  bring  about 
a  phase  transformation  in  the  fog.  The  latent  heat  released 
in  the  process  of  crystallization  increases  turbulence,  which 
carries  the  crystal  nuclei  into  higher  layers.  The  resulting 
cleared  area  is  about  the  same  size  as  that  produced  with  an 
airplane.  The  location  of  the  units  around  the  airfield  depends 
on  the  direction  of  the  wind. 

Experiments  conducted  by  the  Central  Aerologlcal 
Observatory  showed  that  supercooled  clouds  may  also  be  dispersed 
with  the  use  of  silver  iodide  and  an  aerosol  generator.  Two  and 
ons-half  to  five  square  kilometers  may  be  cleared  with  one 
generator.  In  most  of  the  experiment!^  10  to  15  min  of  spraying 
resulted  in  40  to  45  min  of  maintained  clearance,  which  is 
sufficient  for  takeoff  or  landing. 

Mlcrostructural  observations  Indicate  that  crystals 
in  a  fog  begin  to  appear  1  to  3  min  after  spraying.  The  crystals 
are  usually  hexagonal.  Samples  taken  30  to  40  min  after  spraying 
showed  fairly  small  crystals  15^  in  size.  This  shows  that 
particles  of  silver  iodide  do  not  develop  all  their  ice-forming 
properties  simultaneously  and  that  their  action  probably  is 
determined  by  their  size. 
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SUBJECT:  AID  Work  AsBlgnment  No.  32  (National  Weather  Service, 
USSR),  Report  1.  d 

SOURCES:  X.  Qeraaimov,  I.  P.  Soviet  geographic  acience  and 

probXena  of  the  transformation  of  nature.  IN: 
Akademiya  nauk  SSSR.  Izvestlya.  Seriya  geo- 
graflcheakaya,  no.  5#  1961,  6-l6. 

2.  Conference  on  the  problems  of  modification  of 
climate.  IN:  Akademiya  nauk  SSSR.  Izvestlya. 
Seriya  geograflcheskaya,  no.  5,  196l,  128-133. 


A  conference  on  the  p:\jb3eAs  of  modification  of  cli¬ 
mate  was  held  in  Lenxii^«J  during  the  period  25  28  April 

1961  under  the  sponsorship  of  the  Main  Qeophysical  Observatory 
and  the  Institutes  of  Applied  Qeophysics  and  Geography  of  the 
Acadea^  of  Sciences  USSR. 

Academician  Ye.  K.  Fedorov,  in  a  paper  titled  "The 
Future  of  Research  on  the  Problem  of  Modification  of  Climate, " 
noted  that  knowledge  in  this  field  is  still  extremely  limited 
and  it  is  impossible  to  predict  the  final  results  of  inter¬ 
ference  in  particular  climate-forming  processes.  He  believes 
some  5  to  10  years  of  work  will  be  required  to  adequately  de¬ 
fine  the  problem  and  to  suggest  possible  ways  in  which  the  cli¬ 
mate  can  be  altered.  He  feels  that  the  best  way  to  bring  about 
such  changes  is  by  altering  the  underlying  surface.  One  way 
would  be  to  erect  major  hydraulic  structures  which  would  alter 
the  currents  in  the  sea;  another  way  is  to  remove  the  ice  and 
snow  from  the  earth’s  surface  or  change  its  albedo.  The  re¬ 
moval  of  the  ice  cover  from  the  Arctic  would  be  permanent; 
once  destroyed  it  could  never  be  reestablished.  There  are 
indications  that  precipitation  can  be  stimulated  by  the  erec¬ 
tion  of  artificial  barriers  no  higher  than  20  to  30  m.  The 
dispersing  of  clouds  over  a  great  area  can  lead  to  tempera¬ 
ture  changes  of  the  order  of  10°C,  or  even  changes  in  pres¬ 
sure. 


Academician  I.  P.  Gerasimov  gave  a  report  on  "Changes 
in  Climate  in  the  Quaternary,"  one  of  a  number  of  reports 
emphasizing  that  future  climate  modification  can  scarcely  be 
brought  about  without  comprehension  of  such  events  in  the  past. 
He  states  that  an  examination  of  the  direct  causes  for  the 
glacial  periods  indicates  that  there  were  no  changes  in  the 
composition  of  the  atmosphere  and  no  Justification  for  pos¬ 
tulating  volcanic  activity  as  causes  for  the  glacial  periods. 
And  there  were  not  less  than  20  significuit  variations  in 
insolation  during  a  1  million  year  period,  which  greatly  ex¬ 
ceeds  the  number  of  glacial  cycles.  It  is  not  only  total  in¬ 
solation  that  counts  but  also  variations  in  ultraviolet  and 


corpuscular  radiation.  The  need  for  further  study  In  hellophys 
IcB  and  paleogeography  la  obvious. 

L.  A.  Vltel's  has  predicted  climatic  changes  for  the 
last  three  decades  of  the  20th  century  and  the  beginning  of  the 
21st  century.  He  anticipates  a  period  of  especially  low  solar 
activity  during  this  period,  accompanied  by  a  weakening  of 
circulation  of  the  atmosphere,  a  southward  displacement  of 
cyclone  tracks,  an  Increase  in  the  oontlnentallty  of  the  Euro- 
peim  part  of  the  TOSH  and  western  Siberia,  and  An  Increase  In 
the  natural  rumofr  of  the  Volga. 

The  paj^er  presented  by  M.  I.  Budyko,  "The  Heat 
Balance  of  the  Earth  and  the  Problem  of  Modification  of  Climate 
gave  numerous  computations  of  the  heat  balance,  both  as  of 
today  and  In  coming  decades.  The  amount  of  energy  produced  by 
man  In  1932  was  30  times  less  than  that  produced  by  photosyn¬ 
thesis  and  3000  times  less  than  that  of  the  radiation  balance. 
Vast  increases  In  population  and  the  production  of  energy  by 
man  can  result  In  raising  the  temperature  of  the  atmosphere 
by  Aevehai  tens  of  degrees,  to  the  point  whSre  all  humanity 
would  perish.  He  also  reported  on  the  changes  that  would  be 
brought  about  by  destruction  of  the  Ice  covering  the  Arctic 
seas.  (He  believes  that  If  the  lee  Is  destroyed  It  could 
never  be  reestablished  under  present-day  conditions^ .  At  the 
present  time,  the  temperature  of  the  water  surface  should  be 
■flO^'C  In  summer  and  C  In  winter.  Accordingly,  the  air 
temperatures  should  be  +10*C  in  summer  (now  below  0®)  and  +1®C 
In  winter  (now  -33’’ )•  He  has  even  computed  that  the  melt¬ 
ing  of  this  Ice  by  artificial  methods  would  require  an  ejqpendl- 
ture  of  energy  equal  to  that  now  produced  by  human  society  In 
30  years. 


